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PREFACE

This test program was supervised and conducted by the US Army Tank-Automotive
Command, R&D Center, Propulsion Systems Division, in test cell no. 6 of Bldg.
212. The test was started on 17 Jan 83 and was completed on 28 Jul 83.
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1.0. INTRODUCTION

TACOM started an engineering program in 1975 at the Propulsion Systems
Laboratory for Military Adaptation of Commercial Items. The program's objec-
tives are selection and simulated field test evaluation of current advanced
technology engines to replace or update military engines in current vehicle
programs.

2.0. OBJECTIVE

The test objective is to determine full- and part-load performance charac-
teristics and engine durability through the standard 400-hour NATO Test program
(AEP-5 dated June 1-980) using fuel with high sulfur content (1.05 percent).

3.0. CONCLUSIONS

The engine performed satisfactorily over the full range of test speeds, both at
full and part loads, and throughout the 400-hour endurance test. The engine
also met manufacturer's listed performance values of power, torque, fuel eco-
nomy, and heat rejection. The engine was operated for a total of 582 hours.

Although the engine performed satisfactorily and met the performance require-
ments, it did not meet durability requirements and therefore failed to pass the
400-hour NATO Test. Failure to pass the NATO Test was based on condition of the
pistons at endurance test conclusion; five of the eight pistons had developed
serious cracks in piston pin bores.

4.0. RECOMMENDATIONS

Further piston durabilty improvements would appear obtainable through the

following:

o Material improvement;

o Change of fabrication methods;

o Improved piston cooling;

o Piston reinforcement or addition of another reinforcement material
(insert);

o Heat bridges added or other stress relieving methods applied.

5.0. ENGINE SPECIFICATIONS

5.1. Test Material.

5.1.1. Engine

"o Code: E-436

"o Model: VTA-903T
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o Maximum Output @ 500 ft and 85OF (152m & 29 0 C) - BHP (kW): 500 (373)

o Speed @ Maximum Output - RPM: 2,600

o Type: Compression Ign; 4 cycle; 900 Vee; 8 Cylinder

o Aspiration: Turbocharged & Aftercooled

o Bore-in (mm) x Stroke-in. (mm): 5.5 (140) x 4.75 (121)

o Displacement - in 3 (litres): 903 (14.8)

o Compression Ration: 15.5:1

o Dry Weight (with Standard Accessories) - ib, (kg): 2,450 (1,110)

o Piston Cooling: Drilled Rods

5.1.2. Lubricating Oil: Grade 30, MIL-L-2104-C
Referee Grade: 30
Imperial Oil Co.
(APPENDIX E)

5.1.3. Fuel: MIL-F-46162B (ME) (14 Aug 81)
0.95-1.05 percent Sulfur by Weight
(APPENDIX B)

5.2. Test Equipment. Controls equipment, and associated instrumentation of
cell no.' 2, Building 212 TACOM.

5.3. Test Procedure.

5.3.1. Propulsion Systems Division Test Program: Engine Operating Limits and
Adjustments. (APPENDIX A)

5.3.2. NATO Test Specification: Allied Engineer Publication (AEP-5) June 1980,
NATO Standard Engine Laboratory Test for Gas Turbine Engines and Diesel and
Gasoline Engines. (APPENDIX D1

6.0. RESULTS AND DISCUSSION

6.1. Pre-endurance Test Performance Evaluation.

6.1.1. Full-load Performance. All data are presented as observed without
corrections. The engine developed 378 observed kW (506.4 BHP) at' its rated
speed of 2,600 RPM. Peak torque was 1,439 N-m. (1,061 lb-ft) at 2,400 RPM.
Performance details are presented in Figures 1 and 2 and Table 1.

6.1.2. Part-load Peformance. The minimum observed brake specific fuel consump-
tion was 215 g/kW-hr (0.354 lb/HP-hr) at 1,900 RPM, at 85 percent load.

6.2. Performance and Endurance Evaluation During NATO Test.

6.2.1. Full-load Performance After 100 Hours. The engine developed 377.2 kW
(505.9 BHP) at 2,600 RPM. The maximum torque occurred at 2,400 RPM and was 1,443
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N-m. (1,064 lb-ft). Performance details are presented in Figures 3 and 4 and
Table 2.

6.2.2. Full-load Performance After 200 Hours. The engine developed 377.2 kW
(505.9 BHP) at 2,600 RPM. The maximum torque occurred at 2,400 RPM and was
1,441.4 N-m. (1063 lb-ft). Peformance details are presented in Figures 5 and 6
and Table 3.

6.2.3. Full-load Performance After 300 Hours. The engine developed 376.6 kW
(505 BHP) at 2,600 RPM. The maximum torque occurred at 2,400 RPM and was
1,430.6 N-m. (1055 lb-ft). Performance details are presented in Figures 7 and 8
and Table 4.

6.2.4. Full-load Performance After 400 Hours. The engine developed 375.1 kW
(503 BHP) at 2,600 RPM. The maximum torque value was 1,423.8 N-m. (1050 lb-ft)
at 2,400 RPM. Performance details are presented in Figures 9 and 10 and Table
5.

6.2.5. Endurance Test (400 Hours). Although the engine completed the endurance
test (400 hours) and was operated for a total of 582 hours, the engine failed the
NATO Test.

6.2.6. Visual and Dimensional Inspection of Major Engine Components Following
Endurance. At completion of the test, the engine was completely disassembled,
and cleaned and all critical parts were visually examined, dimensionally
checked, and photographed. Visual inspection and measurements revealed that
virtually all components were in excellent condition. The engine components and
their condition are described as follows (see APPENDIX F for photographs and
APPENDIX G for Dimensional Inspection Sheets):

o Pistons - Pistons and rings showed no evidence of scoring. Rings had no
breakage and were free to move in the ring grooves. Ring grooves were still
tight. Piston skirts were clean - no signs of varnishing. Varnish was only
evident on the bottom side of the piston heads where cooling oil made contact.

Although the outward appearance of the pistons was good, six pistons showed signs
of severe stress. Cracks had developed in the piston pin bosses in the upper
half of the wrist pin bores. Piston numbers 1 and 8 did not show signs of
cracking. Carbon buildup on pistons and top lands was light.

o Piston Pin - No visual wear.

o Cylinders - Good appearance with only minimal wear indicated.

o Crankshaft Main Journals - Very good condition.

o Crankshaft Rod Journals - Very good condition.

o Main and Rod Bearings - No scratching and no overlay breakthrough.

o Cylinder Head Intake and Exhaust Valve Seats - Very good condition.

o Intake and Exhaust Valve Faces - Good condition.

o Camshaft - Lobes and bearing surfaces were in excellent condition.

13



o Gears - Crankshaft, Camshaft, Oil Pump Drive and Injection Pump Drive-
good condition with no scratching or scoring.

o Oil Pump Pickup Tube - Broken at the bottom end near the pan - did not
prevent oil pickup.

o Engine Torsional Vibration Damper - Showed signs of fatique failure -

some of the elastomer worked loose.

6.2.7. Engine Oil Consumption. Oil consumption during the test was recorded by
using the method of adding oil to the engine as required before engine start-up.
Oil consumption was light. Results are shown in Table 6.

6.2.8. Oil Spectrographic Analysis. Oil samples were taken at 25-hour inter-
vals and forwarded to the Petroleum Field Office East, New Cumberland,
Pennsylvania. Report findings met NATO requirements as shown in APPENDIX E.
(Oil sampling analysis was started at 126.5 hours).

6.2.9. Full-load Heat Rejection. Maximum full-load Brake Specific Heat
Rejection measured 0.585 W/W (24.8 BTU/BHP-MIN) at rated speed, 2,600 RPM. The
total heat rejected was 217.3 kW (12,356 BTU/MIN). Full-load heat rejection
characteristics are shown in Figures 11 and 12.

6.2.10. Neither Smoke Readings nor Full-load Air Flow Were Measured. However,
some data from a previously tested engine of the same model have been added to
this report for general informational purposes. These data are shown in Figure
13 and Table 7.

6.2.11. Fuel Map - Data are shown in Figure 14.

6.2.12. Performance Data Sheets Required by NATO Specifications. Data are
shown in APPENDIX H.
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Oil Consumption During Endurance

Engine Test Quantity Oil Cumulative
Hours Added (lb) Consumption (lb

0 0 SUMP FULL
7.5 3.6 3.6

14.0 1.8 5.4
27.5 1.8 7.2
40.0 1.8 9.0
47.5 1.8 10.8

54.0 3.6 14.4
60.5 1.8 16.2
80.5 1.8 18.0
87.5 1.8 19.8

100. 0 19.8

140.5 1.8 21.6
154.0 2.1 23.7
160.0 1.8 25.5
174.0 2.5 28.0
187.0 1.8 29.8
200.0 0 29.8

230.0 3.6 33.4
260.0 1.4 34.8
287.0 2.0 36.8
300.0 0 36.8

307.0 1.5 38.3
314.0 1 39.3
334.0 1.9 41.2
354.0 .5 41.7

370.0 1.2 42.9

380.0 .5 43.4

400.' 0 43.4

TABLE 6
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FULL POWER INLET AIR FLOW
NOTE: (These values not from engine tested but from an engine
of the same model and are submitted as general information)

. Z 8 0 0 - ...... ..... ... .... ......

i,6oo i-I-'-..... ' - - - - - - - - - ----

1400

o I /, rz

". Legend
Z 376 KW

800 - .... / [ 355 MK 7
A 1 + 322 KW

-- )( 288 KW
" .... i. _ i /....... ' 239 KWf

6 - e 208 KW

., - - __ - 167 KW

400 t j , "I -
4,00 1400 1:700 Z000 Z300 2600

SPEED, RPM
Figure 13 FULL POWER INLET AIR FLOW

AIR FLOW T L7;IT ?S. STANDARD CUBIC MdETRES PER HOUR
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NOTE: (These values not from engine tested but from an..engine of the
same model and are submitted as general information)

-jSPEED Et 4CE !tS

SPM 0 HOURS 100 HOURS 200 HOURS

-2,600 '1.4 1.85 1.65

2,400 1.05 1.5 1.35

2,200 L.A 1.45 1.55

2,000 1.35 2.0 1.8

1,800 3.25 3.8 3.8

1,600 3.25 3.8 3.8

-I

T.YBLE 7. BOSCH SMONE PZADINGS

!I

I _ _ _ _ _
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PROPUISION SYSTMIS DIVISION

TEST PROGRM4 CODE E-4-36 ENGINE

(Cell #6)

=_.z: MACI Evaluation of the Code E-436 Mngine

To determine the military adaptability and performance characteristics of
Code E-436 Commercial Diesel Engine.

OUrLIZ OF TESTS:

1. Prepare Code E-436 engine for performance and endurance tests.

2. Install instrumentation.

3. Calibration of instrumentation and equirment.

4. Engine operating limits, adjustments and instruLmentation checkout.

5. Engine instrumentation and full load operational check-out.

6. Full load performance.

7. Part load performance.

8. Full load heat rejection.

9. Four hundred hour NATO endurance test.

10. Disassembly, visual inspection and components measurement of engine (may
be conducted in-house and/or contractor's facility).

11. Evaluation of results and final report.
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TEST MATERIAL:

o. Engine Code E-436

7pe 90°VF, 500 HP @ 2600 rpm

Number of cylinders 8

Bore and stroke, in. 5.50 x 4.75

Displacement- cu. in. 903

Method of operation 4 cycle turbocharged, after
cooled compression ignition

Compression ratio 15.5 to I

2. Lubricating oil - Referee, grade 30, conforming to Military Specifica-
tion MIL-L-2104C.

3e Fuel - Federal Specification MIL-F-46162B (high sulfur).

TEST EQUT-!M7-T:

Test Cell No 6, dynamometer, controls, associated instrumentation and
equipment, Bldg. 212.

TEST PROCMURES:

U. Prepare engine for performance tests.

a. Install engine in test cell and- make connections to dynamometer.
Obtain dry weight of engine and record.. MHake necessary fuel, exhaust, and
intake air connections. Install cooling tower and fuel throttle and shut-.
down connection. Make provisions for smoke readings and measuring air flow.

b. Install all required thermocouples, pressure lines, -speed and
load cell connections. Install warning/shutdown lights for critical temper-
ature/pressure and RPM limits on engine and dynamometer equipment.

c. During heat rejection tests, normal type cooling tower will be
installed. Thermostat is required to be blocked in open position during

. test to assure accurate results. An engine thermostat (I1O0 F) will be used.
.The cooling tower will be adjusted to maintain 205 F + 5 engine out temp-
erature. ........ .... .. .

d. Engine blow-by and/or crankcase pressure will be closely monitored
"during full power performance run to assure adequate engine operation. In
addition engine oil temperature and pressure will be closely monitored.
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e. Cooling tower will utilize a sight class in the lower pipe (engine
filled with a 50/50 water and antifreeze mixture. A 15 psi pressure cap will
be used and shop air, through a regulator, will supply approximately 12 psi
pressure to the cooling system.

2. Instrumentation - Install instrumentation to obtain and record data at
each specified speed.

a. Temnerature, 0 F Accuracy

(1) Air, cell ambient (LO) 60-120 + 2

(2) Air entrance to air meter 60-120 + 2

(3) Air turbo inlet after air cleaner 60-120 + 2

(4) Air, turbo outlet (to aftercooler, 120-500 + 2
R&L)

(5) Exhaust, after turbo 200-1200 +10

(6) Exhaust, before turbo (I&R) 200-1400 +10

(7) Exhaust, ports (8) 200-1500 ±10

(8) Oil S=p 120-300 + 2

(9) Fuel, before transfer pump 60-120 + 2

(10) Fuel Spill 60-16o + 2

(II) Coolant, engine inlet ** 120-250 + 2

(12) Coolant, engine outlet 120-250 + 2

(13) Combustion air at meter (Meriam 30-160 ± 2
flow meter)

(14) Cooling water, tower inlet * 35-100

(15) Cooling water, tower outlet * 35-250

(16) Engine oil gallery (manifold) 60-270-

(17) Instrumentation bath 200 + 2

* Indicates Quartz >mperature Probes
•' * Indicates Quartz '.°emperature Probes in addition to regular thermocouple

A-4



b. Pressures. Gaune Range Accuracy

(1) Air, Test cell (in. H2 0) 0 to -1 +.1

(2) Air, before turbo (in.H 2 0)-S 0 to -25 ± 1

(3) Air, after turbo (in. hg) 0 to +60 +.2

(4) Air across Meriam flow meter 0 to -28 +.1
(in. H 20)

(5) Air at M-Ieriam flow meter center 0 to -20 +.05
(in. H120)

(6) Air crankcase (in. H20) -5 to +5

(7) Exhaust, before turbo (in. hg) 0 to +60 -+.5
Left & Right

(8) Exhaust, outlet (in. H2 0)-S 0 to +50 --

(9) Fuel supply before transfer pump 0 to -5
(psi) at primary filter

(10) Fuel supply after transfer pump 0 to +70 ± 1
(psi) at secondary filter

(11) Engine oil gallery (psi) 0 to +100 + 2

(12) Coolant pwnp outlet (psi) 0 to +50 + 2

(13) Coolant pump inlet (psi) 0 to +25 + 1

e. Miscellaneous

(1) Engine speed, (RP1) 0 - 3000 ±t 5

(2) Dynamometer load, (ft-lb) 0 - 2000 ± 1

(3) Fuel flow (Ib/hr) 200 _.1

(4) Blowby (CFM) 0 - 10 +.2

(5) Smoke Density, B~osch meter - -
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d.o §ecial Instruction Considerations

(i) Dymec data acquisition system to be used for data gathering.

(2) Quartz Thermometers to be used for heat rejection test.

(3) Load cell to be used for measuring torque.

(4) Digital C&ox fuel weigh system to be used for measuring fuel consumption.

(5) Cooling water weigh system 0-200 lbs.

(6) Smoke density, Bosch system,

(7) Blowby meter for measuring engine blowby.

(8) Temperature reference bath (Maintain at 2000 F).

(9) Meriam air flow meter.

e. The folloing monitors vill be nrovided for orerator use:

Temperature Pressure

(1) Ambient air (I&R) (1) Oil Gallery

(2) Air after turbo (2) Air after turbo

(3) Oil gallery (3) Fuel after pump

(4) Fuel before pump (4) Exhaust back pressure

(5) Engine coolant in

(6) Engine coolant out
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3. Cl'bration of instrurmentation and e•o•ixent.

All instrumentation and equipment will be calibrated prior to start of
test and at ranges specified in the previous paragraph 2.

4e. Envne onerating liLd-ts and sdlustments.

a./ Observe the folloAing engine operating limits and test conditions
for performance and endurance tests.

(i) Oil Gallery temperature, 2500 F warning, 2600 F manual return
to idle and contact test engineer.

(2) Oil pressure idle 15 PSI warning, 10 PSI shutdown. Oil pres-
sure normal operation 45 to 65 PSI above 1000 PR4, 30 PSI shutdown.

(3) *Air cell Ambient as close as possible to 770 F9

(4) Coolant outlet temperature. 205 ± 5 F, warning 210° F, manual
return to idle at 215 F. Cooling system will be pressurized to 12 PSI.

(5) Fuel temperature before otmp: 85 ± 50 F.

(6) Exhaust outlet pressure at rated conditions 16 in. H20 ± 3&

(7) Crankcase pressure maximur 5 in. H20.

(8) Nominal fuel flow 200 lb/hr at 2600 RP14.

(9) Exhaust temperature into turbo, 10800 F maximum.

b*/ Maintain and record the following adjustments at completion of each
100 hour interval of endurance test or as indicated. Contact test engineer prior
to any adjustment.

(1) Idle speed 650 RP.

(2) Governed speed (no load) 2960 R T'.

(3) Max torque 1030 ft-lb @ 1900 PRR4

(4) Full load 2600 RPM.
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5. Engine Instrumentation and Full Load Onerational Check-Out.

a. Engine will be run to check leaks, instrumentation, recording and
printout systems. The following temperatures and pressures will be maintained:

(1) Inlet air (maintain as close as possible to 770 F)

(2) Air pressure at turbocharger inlet at rated conditions,
-5 ± 1 in. H2 0.

(3) Exhaust pressure at turbo outlet at rated conditions,
16 ± 3 in. H2 0.

(4) Coolant outlet temperature 205 + 50 F

(5) Fuel temperature before pump 85 ± 50 F

Speeds will be verified after break-in.

b. Full load operational check will be conducted according to the follow-
ing schedule. During break-in monitor blowby in CFM and/or pressure. Do not
continue test if blowby exceeds allowed maximum. Take complete data and record on
log sheet for each break-in period. Repeat the cycle down and up.*

Period No. Time, Minutes EineR Observed BHP

1 10 650 (Idle) --
2 10 1200 50
3 10 1400 100 .: 7
4 10 16oo 150 3
5 10 1700 200
6 10 1900 250
7 20 2100 300
8 20 2200 350
9 20 2400 400

10 20 2500 450
11 20 2600 500 9 45
12 20 -.- - -

A Repeat this cycle in a reverse order using same RPM and power values.

c. During period 5 or following period 7, check governor and notify test
engineer prior to making adjustments, to limit the maximum speeds as follows:

Full load 2600 RP1
.No load (Governed Speed) 2960 RPM
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e. During period No.ll the following limits must prevail..

(1) Oil gallery pressure 30 to 55 PSI

(2) Exhaust temperature into 1080 F max.
turbo

(3) Crankcase pressure (in.H.0) 5

(4) Power output at rated 500 ± 3% at 85°F air inlet,
29.38 in. HG Barometer dry

6. Performance Test (Nomina! 500 BPE)

Conduct performance tests with full rack, under the conditions listed
in paragraph 4. Record all data listed under instrumentation for engine speeds
of 1400 RPM to 2600 RFM at 200 RPM increments. At each setting the engine should
be run for a sufficient time for stabilization. Additional tests (part load per-
formance and heat rejection) will be conducted at completion of durability test.

7. Part load Performance Test. (.iominal 500 BHP)

Conduct part load performance tests at 85, 70, 60, 50, 40, 25 and 15
percent loads using speeds of 1400 RPR to 2600 RPM in 100 RPM increments. Para-
graph 5 conditions wirll be maintained during runs. One h;=dred percent loads
will be determined just prior to part load testing. Perform an idle fuel con-
sumption test run with complete printout at the end of part load performance
tests.

8. Heat Relection Tests( Perform at Comoletion of Durability Test)

Determine heat rejection at full load, 205 ± 50 F, engine coolant out
temperature at the following speeds; 1400 PIM to 2600 PMI in 200 MP! increments.
Remaining conditions as specified in paragraph 4. (Engine operating limits and
adjustments).

9. - Four Hundred (LOO) Hour NATO Endurance Test

a. The 400 hour NATO endurance will be divided into four periods of
100 hours each* Each 100 hour period is to consist of ten (10), ten hour
periods as shown in test Schedule A. (New NATO cycle).
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TEST S•E2DULE A

Period Percent Rated Speed Percent Load (Ls/FT) Time Hours

1 Idle (650 RPM) 0 1/2
2 100 W26OO RP1) 100 (1010) 2
3 Governed Spee% (2960 RPM) 0 1/2
4 75 (195o RPýM) 100 1
5 Idle 4+- 100 0-+-+100

4 Min. 6 Min. - 2
6 60 (156o RPpm) - 1oo 1/2
7 Idle (650 RPM) 0 1/2
8 Governed Speed (2960 RPM.) 70 (707) 1/2
9 Max Torque Speed (1900 RP1M) 100 2
10 60 (1560 RPM) 5o (505) 1/2

TOTAL DURATION 10

Conduct 400 hour NATO endurance test according to Test Schedule A.
Values of speeds and torques to be provided by test engineer following comple-
tion of performance test.

be During 400 hour endurance, the following pressures and temperatures

will be regulated to the values as indicated.

(1), Pressures

(a) Air presure at turbocharger inlet shall be set -5 ± 1
(in. H2 0) at rated conditions and restriction held

throughout other tests.

(b) Exhaust outlet pressure at full power through speed
range, 13-19 inches H2 0: at idle and part load, 0-13
inches of H120.

(2) Temperatures

(a) Inlet air to turbocharger as close as possible to 770 F.

(b) Coolant outlet temperature 205 ± 50 F.

(c) Fuel before secondary filter 85 ± 50 F.

c. Take four ounce oil sample before starting endurance and every 100
hours thereafter, take two ounce oil sample at 25 hour intervals. (Purge oil
sample line and take sample from oil gallery with engine idling). Replace the
removed sample oil with same amount and type new one.
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d. Check engine oil at completion of every five hour test period or

Qfore engine is started for a new day o test (whichever occT first). Allow
time for oil to settle before reaching ru.L mark. 1onotn over ii,•

e. Data will be recorded during the last five minutes of each of the
ten periods listed in Test Schedule A, and just before stopping engine.

f. The following maintenance and adjustments to engine will be
conducted after each 100 hour test period, and before power check. Check with
test engineer.

(1) Change oil

(2) Replace oil and fuel filters

(3) Record oil added (less sample) to bring to required level

(4) Maintain adjustments as indicated on page A-- 5.

(5) Visually inspect engine for leaks, breaks, etc.

g. The 100 hour power check tests shall be conducted under temperature
and pressure conditions listed. Record all data listed under "Instr.mentation"
for engine speeds from 1400 RPFM to 2600 RPM in 200 RPM increrments, up only. At
each setting, the engine should be run for a sufficient time for stabilization.
In addition, smoke density samples will be taken at each speed setting.

10. Obtain photographs of engine test set up.

11. Disassembly and Visual Inspection of Engine. Record breaking torques of
cylinder head, crankshaft, and connecting rod bolts and photograph parts if required
durino Aisassembly. Make components wear measurement.

12. Evaluation of Results and Report.

a. Consolidate and wvaluate data.

b. Prepare report.

c. Obtain photographs of set up and engine parts as required.
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I. DRSTA-TB will be responsible for gathering data, maintaining a daily
log book, and test data log, directing personnel and general execution of test*

2. DRSTA-RES will be responsible for day to day technical decisions,
monitoring test, evaluation of data, and preparing a report.

3. Any changes in the above test program shall be mutually agreed upon
by DRSTA-TB and DRSTA-aGIES and confirmed by a supplement to this basic test
program. Each supplement will be evaluated for potential cost and for schedule
revisions.

WR= BYI~:

Y. -Rostami-Abdici Zm 468537
ProJect/Test 'Engineer

RLIEW= AIM APFFO M BY:

Roy J. G. Pimnela Er48528
Team Leader/tngine Testing
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4 0

ANALYSES OF REFEREE GRADE DIESEL FUEL

(MIL-F-46162B) SAMPLES

#6 Tank

Properties Requirements AL-12077-F

Density, kg/L at 15*C Report 0.8655

Gravity, *API NR (1) 31.9

Distillation, *F ('C)

Initial boiling point Report 380 (193)

10% recovered Report 446 (230)

50% recovered 473-545 (245-285) 514 (268)

90% recovered 626-675 (330-357) 616 (324)

95% recovered 662-707 (350-375) 646 (341)

End point, max 725 (385) max 678 (359)

Sulfur, wt% 0.95-1.05 1.05

Accelerated stability,

total insolubles, mg/100 mL 1.5 max 1.4

Cetane number 40-45. 54

Cetane index 40-45 42

Kinematic viscosity at

400C, cSt 1.9-4.1

Cloud point, 0C -13 max

Particulate contamination,

mg/L (0.81m filter) 10 max 2°5

Volume filtered, L 1 1

(1) NR No requirement
(2) -. Not measured
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CHAPTER 1

PURPOSE AND APPLICABILITY

SECTION 1-1,. ýURFOSE

The purpose of this document is to define a test method and
standard conditions to.enable all NATO countries to conduct tests using
an identical method or to analyse the tests conducted in the laboratories
of other NATO' countries on the basis of this method.

The method described below is independent of existing hnational
test methods, which may be used for supplementary testing. .

When an engine has met the requirements of the tests under the
present code, its power rating should be indicated as follows: "Power
rating. . .Kw (. . .metric HP) at. . .RPM, in accordance with NATO code
AEP 5. Edition June 1980.9

SECTION 1-2 /APPLICABILITY

These test conditions apply to all service vehicle (combat and
transport) propulsion gas turbine engines with free power turbines.

NOTE : SI units will be used.

CHAPTER 2

TEST REQUIREMENTS

SECTION 2-1 - GENERAL COM1POSITION AND ORDER OF TEST

2.1.1. Engine reception.

Running-in in accordance with manufacturer's instructions.

Performance test, complete (full and part loads).

Endurance test.

Performance test, complete (full and part loads).

Disassembly, inspection and measurement.

Report.

NOTES : (1) Engine measurements may be carried cut before running-in.

(2) The manufacturcr is responsible for defining the running-
in programme.and the enjine should have been run-in before
it is submitted for testing.



(3) In so far as possible, the manufacturer's drawings and
technical data will be supplied with the engine, to assist
inspection and measurement of components.

(4) It is normal practice for the engine to be given a prelimi-
nary performance test immediately after receipt, to check
acceptability.

(5) The initial, if accomplished, and final inspection of the
engine should be carried out by the same inspection team
using the same gauges.

2.1.2. During performance and durability testing, the following varia-
bles will be monitored

a- Main values
Speed (engine output shaft)
Torque

b - Ambient conditions
Temperature of ambient air
Atmospheric pressure
Humidity

c - Air and gases
Inlet air temperature
Inlet depression
Inlet air flow (performance test only)
Exhaust temperature
Exhaust back pressure
Gas temperatures at points influencing fuel control (if re-
quired)

d - Lubrication and cooling
Oil temperatures and pressures
Temperatures into and out of external coolers
Flow rates of fluids to cooling devices external to the eng.i.r
(for heat rejection calculations)
Oil consumption (during endurance tests only)

- Fuel
Fuel temperature
Fuel consumption

f- Miscellaneous
Smoke density
Other parameters which influence fuel control
Vibration

2.1.3. Regulated parameters

Inlet Air Depression * at rated power
25 + 2,5 mbar

Exhaust Back Pressure at rated power :
20 + 2,5 mbar

Fuel Tenperature at Fuel Pump Inlet
30" C + 30 C

Inlet Air Temperature
See Section III

* Depression differential between static atmospheric air pres-
sure and the total pressure at the point of measurement.
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2.1.4. TEST CONDITIONS

Measuring is to be done in normal and stable operating condi-
tions.

The temperature of the air entering the engine (ambient air)
is to be measured at a maximum distance of 0,15 m from the
air filter inlet or, if-there is no filter, 0,15 m from the air
inlet nozzle. The thermometer or thermocouple must be protected
against heat radiation and be located directly in the air jet.
Testing must be carried out in an adequate number of positions
to give a representative inlet temperature.

Once an output speed has been selected for measurement purpo-
ses, its value must not vary by more than + 1 % or + 10 r.p.m.
(whichever of these limits is the higher) du-rin.g measurement.

The readings for brake load, fuel consumption and inlet air
temperature are to be taken simultaneously, the value recorded
beinq the average of two stabilized results, obtained in succes-
sion with brake load and fuel consumption differing by less
than 2 %.

When a device fitted with an automatic starting system is used
for measuring speed and fuel consumption, the duration of mea-
surement must be at least 30 seconds ; if the measuring device
is manually operated, the duration must be at least 60 seconds.

The exhaust gas outlet temperature must be measured at a point
downstream and less than 100 mm from the flange (s) of the
exhaust manifold (s).

Lubricant temperature is to be measured at the inlet and owtlet
of the heat exchancer if there is one. Otherwise•it must be taicel
preferably in the lubrication system. The measurine point wilt
be specified in the test report.

Fuel temperature must be read at the fuel pump inlet.

Auxiliary power take-offs may.be loaded and measured if desir.-

2.1.5. MEASUREMENT ACCURACY

- TORQUE

The torque must be accurate within + 0,5 of the hiqhest
value recorded.

- OUTPUT SPEED

Measurement -must be a.ccurate to within _+ 0,5 %.

- FUEL CONSUMPTION.
+ 1 % for all apparatus used.
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- TEMPERATURES

Intake air + 10C.

- PRESSURE

Atmospheric pressure + 0,7 mbar
Air and gas pressure- 50 mbar
Induction and exhauspT'ressure and depression + 0,250 mbar
Pressure of other fluids + 250 mbar

SECTION 2-2 - DEFINITION OF ENGINE

Engines will be eauipped only with such auxiliary equipment
as is strictly essential to their operation (see table of auxiliary equip-
ment at Annex A).

SECTION 2-3 - PERFORMANCE TEST

The performance test maximum load curve will be Dlotted from
measurements taken at a minimum of five speed settings, one of these
settings being the rated sDeed.

For each setting., the engine should be run for a sufficient time
to allow the operatinq parameters to stabilize.

Part-load data is to be recorded at the same pre-selected speeds
as was used for the full-load test. The part loads for each speed point
are to he calculated at least for 85 %, 70 %, 50 % and 25 % tf the full
load at the given speed.

Durine this test, the smoke emission as measured on the Robert
BOSCH Scale shall not exceedloS5.

No correction factor will be applied and the test results must
include air temperature and atmospheric pressure.

The inlet temperature shall be maintained as close as possible
to 250C.

SECTION 2-L - ENDURANCE TEST

2.A.l. The endurance test duration is 400 hours, divided into four
periods of 100 hours each. At the completion of each period.
the engine shall be submitted to a full-load performance check.

During the endurance test, the inlet temperature will be kept
as near as possible to 25' C or, when this is not practical,
prevailinq ambient.
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2.4.2. Normal maintenance and adjustment will be permissible after
each 100 hour test period.

2.4.3. Engine oil and filters may be changed after'each 100 hour
period.

2.4.4. The four 100 hour pdriods which make-up the endurance test
are to be carried out with the fuel and lubricant defined in
Chapter 3.

2.4.5. Each 100 hour period is to comprise ten 10 hour cycles. Each
, 10 hour cycle will be carried out in accordance with the pro-

gramme (section 2.5).

2.4.6. Data will be recorded during the last five minutes of each of
the sub-cycles included in the basic 10-hour cycle, with the
exception of sub-cycles 3, 4, 7, 8, 10, 11.

2.4.7. No interruptions are permitted during any of the sub-cycles,
but the engine' may be switched off on completion of any sub-
cycle.

2.4.8. One-hundred percent power (load) will be governed by maximum
fuel control setting, not adjusted to published maximum power.
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SECTION 2-5 - PROGRAMME OF 10 HOUR CYCLE

0_ _

Pdriod Rated Speed % Rated Load % Duration (hours)

1 Idle (1) Idle (1) 0,5

2 100 100 1

50 :- "100 100 1
3 min 3 min

4 Stop 0,25

5 70 100

6 Idle Idle 0,5"

Idle - 100 Idle 4 - 100 2
2 min 3 min

8 Stop 0,25

9 100 100 1-

10 Stop 0,25

Idle - 100 Idle .- 100 2
2 min 3 min

12 Idle Idle 0,25

"Tdtal .1"

At least 5 times during each 100 hour period, the enqine will b'e shut0 down for a minimum of 6 hours.

( M) Manufacturer's published idle or as specified by vehicle installation.
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ANNEX A

DETAILS OF PRODUCTION AUXILIARY EOUIPMENT

Inlet System

Air Filter System

Inlet Silencer Optional

Exhaust System

Piping

Silencer Test Bench Equipment

Exhaust Pipes

Fuel Feed Pump Optional

Fuel Injection Equipment

Pref ilter Yes, or test bench equipment
Filter

Electrical Equipment It necessary

• . D-9 .



ANNEX B

INFORMATION "to BE INCLUDED

IN TEST REPORT

- a•

A complete report covering all the tests, servicing, maintenance,
rectification of faults and the condition of the engine at the strip exami-
nation including the measurements of the principal wearinq parts will
be compiled.

The report will also include the followin:

1. A statement of the build standard of the engine, with drawings
and a parts list.

2. Photographs of the engine from four different views.

3. Photographs of the test installation at least four different views.

4. A list of equipment fitted to the engine.

,* 5. Sample test sheets and a summary with a list of faults and the
remedial action taken.

6. An engine condition reockt at end of test with photoaraths cf
the condition of major parts such as combustion chamber. cM-.
pressor wheels and diffusors, turbine wheels and nozzles, re-
duction qear with any other components of interest.

7. A hisiorv chart of lubricatinq oil used during the endurance
tests.

8. Analysis of new and used lubricatinq oil, the latter to be taken

at approximately 100 hours intervals.

9. Fuel analysis.

10. Any other relevant data.

D-10
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CHAPTER 1

PURPOSE AND APPLICABILITY

SECTION 1-1 - PURPOSE

The purpose of this document is to define a test method and
standard conditions to enable all NATO countries to conduct tests using
an identical method or to analyse the tests conducted in the laboratories
of other NATO countries on the basis of this method.

The method described below is independent of existing national
test methods, which may be used for supplementary testing. -

When an engine has met the requirements of the tests under the
present code, its power ratini should be indicated as follows : "Power
rating .... Kw (... metric HP) at .... r.p.m., in accordance with NATO
code AEP 5. Edition June 1980".

SECTION 1-2 - APPLICABILITY

These test conditions apply to all service vehicle (combat and
transpcrt.) propulsion Diesel and gasoline engines.

NOTE : Sl units will be used.

CHAPTER 2

TEST REQUIREMENTS

SECTION 2-1 - GENERAL COMPOSITION AND ORDER OF TEST

2.1.1. Engine reception.

Running-in in accordance with manufacturer's instructions.

Performance test, complete (full and part loads).

Endurance test.

Performance test, complete (full and part loads).

Disassembly, inspection and measurement.

Report.

NOTES : (1) Engine measurements may be carried out before running-in.

(2) The manufacturer is responsible for defining the running-
in prograrmme and the engine should have been run-in before
it is submitted for testing.
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(3) In so far as possible, the manufacturer's drawings and.
technical data will be supplied with the engine, to assist
inspection and measurement of components.

(4) It is normal practice for the engine to be given a prelimi-
nary performance test immediately after receipt, to check
acceptability.

(5) The initial, if accomplished, and final inspection of the
engine should be carried out by the same inspection team
"using the same gauges.

2.1.2. During performance and durability testing, the following varia-
bles will be monitored

a - Main values
Speed (engine output shaft)
Torque

b - Ambient conditions
Temperature of ambient air
Atmospheric pressure
Humidity

c - Air and gases
Inlet air temperature
Induction or cylinder inlet depression
Inlet air flow (performance test only)
Air temperature and pressure in the inlet manifold
Exhaust temperature
Exhaust back-pressure
Gas temperatures at points influencing fuel control (if re-
quired)

d -Lubrication and cooling
Oil temperatures and pressures
Temperatures into and out of external coolers
Flow rates of fluids to cooling devices external to the engine
(for heat rejection calculations)
Oil consumption (during endurance tests only)

e - Fuel
Fuel temperature
Fuel consumption

f - Miscellaneous
Blow-by
Smoke density

2.1.3. Regulated parameters

Outlet liquid coolant temperatures :
96"C _+ 3d

Induction depression at rated power
"25 ±t 5 1-mbar

Exhaust back pressure at rated power :
4O mbar + 5

Fuel temperature at injection pump inlet :
30"C + yC
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2.1.4. TEST CONDITIONS

Measuring is to be done in normal and stable operating condi-
tions.

The temperature of the air entering the engine (ambient air)
is to be measured at a maximum distance of 0,15 m from the
air filter inlet or, if there is no filter, 0,15 m from the air
inlet nozzle. The thermometer or thermocouple must be protected
against heat radiation and be located directly in the air jet.
Testing must be carried out in an adequate number of positions
to give a representative inlet temperature.

Once an output speed has been selected for measurement purpo-
ses, its value must not vary by more than + 1 % or + 10 r.p.m.
(whichever of these limits is the higher) du'ring measurement.

The readings for brake load, fuel consumption and inlet air
temperature are to be taken simultaneously, the value recorded
-being the average of two stabilized results, obtained in succes-
sion with brake load and fuel consumption differing by less
than 2%.

When a device fitted with an automatic starting system is used
for measuring speed and consumption, the duration of measure-
ment must be at least 30 seconds ; if the measuring device is
manually operated, the duration must be at least 60 seconds.

The exhaust gas outlet temperature must be measured at a point
downstream and less than 100 mm from the flange (s) of the
exhaust manifold (s).

Lubricant temperature is to be measured at the inlet and outlet
of the heat exchanger if there is one. Otherwise it must be take
preferably in the lubrication system, or, failing this, in the
crank case. The measuring point will be specified in the test
report.

Fuel temperature must be read at the injection pump inlet, or
carburettor inlet.

Cooling condition for air cooled engine will be in accordance
with manufacturers specification.

Auxiliary power take-offs may be loaded and mesured if desired

2.1.5. MEASUREMENT ACCURACY

- TORQUE

The torque must be accurate within + 0,5 % of the highest
value to be measured.

- OUTPUT SPEED

Measurement must be accurate to within + 0,5 %.

- FUEL CONSUMPTION

+ 1 % for all apparatus used.
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- TEMPERATURES

Intake air + 11C.

- PRESSURE

Atmospheric pressure + 0.7 mbar
Air and gas pressure-+ 50 mbar
Induction and exhausitpressure and depression + 0,250 mbar
Pressure of other fluids + 250 mbar

SECTION 2-2 - DEFINITION OF ENGINE

Engines will be equipped only with such auxiliary equipment
as is strictly essential to their operation (see table of auxiliary equip-
ment at Annex A).

SECTION 2-3 - PERFORMANCE TEST

The performance test maximum load curve will be plotted from
measurements taken at a minimum of five speed settings, the fifth setting
being the rated speed.

For each setting, the engine should be run for a sufficient time
to allow the operating parameters to stabilize.

Part-load data is to be recorded at the same pre-selected speed
as was used for the full-load test. The part loads for each speed point
are to be calculated at least for 85 %, 70 %, 50 % and 25 % of the full
load at the given speed.

During this test, the smoke emission as measured on the Robert
BOSCH Scale- (or equivalent) shall not exceed 4-.5.

No correction factor will be applied and the test results must
include air temperature and atmospheric pressure.

The inlet air temperature shall be maintained as close as possi-
ble 'to 25°C.

SECTION 2-4 - ENDURANCE TEST

2.4.1. The endurance test duration is 400 hours, divided into four
periods of 100 hours each. At the completion of each period,
the engine shall be submitted to a full-load performance check.
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2.4.2. Normal maintenance and adjustment will be permissible after
each 100 hour test period.

2.4.3. Engine oil and filters shall be changed after each 100 hour'
period.

2.4.4. The coolant outlet temperature is to be held at 960C + 3'C or
a higher temperature if proposed by the manufacturer. The
coolant is to be water plus antifreeze in egal volume.

2.4.5. The engine oil temperature is to be measured in the lubrication
system. The temperature measurement location shall be specified.

2.4.6. The four 100 hour periods which make up the endurance test
are to be carried out with the reference fuel defined in Chap-
ter 3.

2.4.7. Each 100 hour period is to comprise ten 10 hour cycles. Each
10 hour cycle will be carried out in accordance with the pro-
gramme (section 2-5).

2.4.8. Data will be recorded during the last five minutes of each of
the sub-cycles included in the basic 10 hours cycle, with the
exception of sub-cycle 5.

2.4.9. No interruptions are permitted during any of the sub-cycles,
but the engine may be switched off on completion of any sub-
cycle.

-n- 7



SECTION 2-5 - PROGRAMME OF 10 HOUR CYCLE

Sub Cycle % Rated Speed % Load (3) Duration in hours

1 IDLE 0 j

2 100 100 2

3 governed speed (1) 0

4 75 100 1

5 IDLE o- 100 0*,---100
4 MIN 6 MIN 2

6 60 100 *
7 IDLE 0 *

8 governed speed (2) 70 (3) "

9 Max torque speed 100 2

10 60 50 (3)

Total 10

NOTES :

(1) The speed shall be that attained with the engine at full
throttle and with minimum load (residual brake load).

(2) The speed shall be the steady speed of the engine at full
throttle and 70 % load.

"-.--------(3) Part loads (70 and 50 %) shall be taken from the initial per-
formance test.
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CHAPTER 3

FUELS AND LUBRICANTS AND ANTIFREEZES

301 Engines are to be tested on Reference Fuels and Lubricants
and antifreezes as specified by the relevant NATO Authority.

CHAPTER 4

DEFINITION OF TEST FAILURE

401 A major failure is a failure of any part or component of the
engine assemoly that leads to a final stoppage of the test or
that brings about as loss of power which cannot be rectified
to give at least 95 % of rated power.

Any major failure will lead to termination of the test and any
retest must start at 0 hour.

Major failures and corrective action are to be reported to the
proper National Authority.

402 A minor failure. is a defect which leads to a loss of power or
degradation ox the operation of the engine and which it is possi-
ble to remedy within the scope of normal maintenance and ad-
Justment. If 95 % of the rated power cannot be obtained after
normal maintenance then the test will be terminated. The minor
failures and the measures taken to overcome them must be in-,
cluded in the report.

.403 The suitability of an engine for NATO AEP5 Approval is to be
the responsibility of the National Authorities after completion
of the 400 hours test and consideration of the final condition
of the engine.
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A Nf A

DETAILS OF PRCDUCTION AUXILIARY EQUIPMENT

(To be included as applicable)

Inlet system

Inlet manifold ..................... Yes

Air filter .......................

Inlet silencer ..................... Optional

Blowby gas recirculation intake *.. J

Exhaust system

Manifold ........................... Yes

Piping ....... *.................

*Silencer............................. Test belich equipment

Exhaust pipes .......

Fuel feed pump ' Yes

Yes (d,, 1ils of ad-
Carburettor ...... Justment will be specified)

Ignition system

Distributor ......................... Yes

Spark-plugs.s ....... ............ ... Yes

Coils ................ .......... . Yes

Suppre ssor ...... 0 . .. ........ Yes

Fuel injection equipment

Prefilter.... .................. Yes or tis bench
Filter ............. o.. o.... ............ equipm ctt

Pump ............. ........ ........ Yes

High-pressure pipes .................. Yes D-21

Iniector ................................. V.0



I.

Liquid cooling equipment

Radiator *.................. 
NO

Fan *...........*...... eo*eo~eN

Water pump ........... , Yes
Thermostat ........................... Yes

Air cooling equipment

Streamlining .................. Yes

Blower .............................. Yes

Temperature regulating device ...... Yes

Electrical equipment ....................... If necessary

Supercharginq equipment

Compressor driven directly or
indirectly by the engine and/or
exhaust gas ............... 000....0o.. Yes

Charge cooler ........ Yes

Cooling pump or fan ................. Yes
(engine driven)

Device for regulatinq flow of
cooling fluid ........... Yes

* D-22



ANNEX B
oe

INFORMATION TO BE INCLUDED

IN TEST REPORT

A complete report covering all the tests, servicing, maintenance,
rectification of faults and the condition of the engine at the strip exami-
nation including the measurements of the principal wearinq parts will
be compiled.

The report will also include the following

1. A statement of the build standard of the engine, with drawings
and a parts list.

2. Photographs of the engine from four different views.

3. Photographs of the test installation at least four different views.

4. A list of equipment fitted to the engine.

5. Sample test sheets and a summary with a list of faults and the
remedial action taken.
Full load performance data will be show in the format indica-
ted.

6. An engine condition report at end of test with photographs of
the condition of major parts such as pistons, bearings, valves,
camshafts, crankshafts, cylinder bores together with any other
components of interest.

"7. A history chart of lubricating oil used during the endurance
... tests.

8. Analysis of new and used lubricating oil, the latter to be taken.
at approximately 100 hours intervals.

"9. Fuel analysis.

10. Any other relevant data.
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ENGINE Type: N:. PRace date:
FULL CHARGE PERFORMANCES Reference:

INITIAL 0 FINAL 0

FUEL: OIL type: ,BRAKE type:

Volume mass: ,gef grade:..

pm, bar !

ET

I

F

N t
OIL

T +

p2-pT mlsb

,I *Ci
* Dl mbar

N It2 I'C

L

E 0 barI
T

H

T P4-00 m• b

* Sm~oke WCmh

BLOW BY"' .. LL L JJ-
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TIOTNION OF SMIRTS

t sO ambient temperature . ti s air temperature after

• 0  i ambient pressure filter (or -o=pre-ssor inlet)

. 1 engine speed 3 P0 - P1 S inlet depression

*. N engine torque . t2 a comp~essor dia charge tempera-

. P s output power

* pme/bmep: brake mean effective pressure . p2 , comp erssor uree pressurespeifi iuei cosuptin t2' sair tempera•ture alter charge
.casibsfc specific ,..fuel consumptio*¢ole

Ca/bafocooler
. QC volume of fuel per injection .p 2 - p2's pressure of across charge

* qm i mass fuel flow per hour cooler

• tH * oil temperature • t3 i exhaust gaz temperature

* PH si preoi s.ure (turbine inlet)

* te a coolant .temperature into engine P3  exhaust gaz pressure

. to i coolant temperature out of engine (turbine isaet e
U : 4 turbine discharge temperatue

* p4 -pO t Ehaust back pre-szu-e

t pO

P2"

t -- 3 T -b

t p
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APPENDIX E

LUBE OIL SPECTROGRAPHIC ANALYSIS
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OIL ANALYSIS REQUEST CODE

, IL ANALYSIS LAS NI'1 w Cumberland STSGP-PE 1'

)JOR COMM40AND TACOM, Warren, MI 48090 4

OPERATING ACTIVITY (Include ZIP Code/APOI) V0I)441) 5.10
M DRSTA-RGRD Mr. R. Rimpela

Warren, Nichi.an 48090 -AVN: 786-8528
' ummlns vfh-0Q3 Engine

EQUIPMENT SER. NO. 15-20

END ITEM MOOCL/HULL NO.

ENI1 ITEM . ER. NO./EIC

DATE SAMPLE TAKEN t{jy/,1o., Y'r) LOCAL TIME SAMPLE 21
AyTAKEN

MCuf;•6SFINE OV[TSAU 2S-9
I00 Ho*"ur 1AI'0 Lest

tI0UPS'?A!LFt. SiNC•{" IL CtlANt1CE, 30.33

"ifASO=N FOR SAMPLE LAD TEST OTC4CP 34

0 'RowUV -a 0 lifauesy C L ( srfy :CA OF0SNELS S AMPLE p"S "Qrs., Gals
_ _ __CTON'TAKEN k______."____

H WA F "6PC 1R-N• U•

zoW FOUND

[3 LAB REQUEST AIR OR GROUND j4W

HOW TAKEN SAMPLE TEMPER TYPE OIL

I.1E^MAR•S Oil sampLe spectrographic analysis is require
ior NATO 400 hour tesl;s. Samples will be taken every
-5 hours. Cowplet:.i oil change after every 100 hours
of endurance.

FO I? LAB 1'5 USE ON! Y
SAMPLE RESPONSE TIME 3.-40

'FE 41-43 AG 404-46 AL 47-491C!% 50-5 2CU $3415 MG lSS- NO 59-41

&71TI71--L -76_ __

pa 42-04 St 65-67 S Ni 65.7 0 74-7

LAD PCOMMENIATION 77-76

S ATURE F~~~ILE MAIN MA

I FORM

DD I NOV 77 2026 PREVIOus EDITION WILL BE USED

*E-2



KEYPUNCH
OIL ANALYSIS REQUEST CODE

TO OIL ANALYSIS LAS New Cumberland STSGP-PE "-

F MAJORCOMMAND TACOM, Warren, MI 48090 4

R
0 OPERATING ACTIVITY (Include ZIP Code/APO) I1)I)4AD 5-10
M DRSTA-RGRD Mr. R. Rimpela

- : Warren, Michigan 48090 AVN: 786-8528
V MOn vL9•-1hO Engine

EQUIPMENT SER. NO. 15-20

END ITEM MoDEL/HULL NO.

ENO ITEM SER. No.iEIC

OATF. -- AMPLE TAKEN tLJy. Ala.. Vr) T-LOCAL TIME 5AMPLE 2-2I TAKEN

I4URSS,"IIýES0i.NCE f R t 2S-294o Hour NAO est
HOURS!M.iLES SINCE OILCNHANGE '0-33

-1VA"ON FOR SAMPLE LA - YXI" J'_34

OI ADr SwINCE LAS SAMPLES (Ps CVLL CI)

P151:RCS ANT ITE

i iOW MALFUNCTIONED" : ""

Novi FO'UND
C LAB REQUEST C0 AIR OR GROUND CREW

",,O,,TA,,EN iAM E TEMPERATUR" TYPEOIL -
C1 DA- "I "", C TunT 0 0.o
REMARKS Oil sampie spectrographic analysis is require i
for NATO 400 hour tesbs. Samples will be taken every
25 hours. Complete oil change after every 100 hours
of endurance.

FOR LA R US• ONL Y
SAMPLE RESPONSE TIME 31-40

FE 41.43 AG 44-44 AL -4-9CflSO-1S jCU 53-55 MG 66-IS NI 11411

P9 62464 SI GS-67 SH 60-70 TI 71.13 jMO 74-76_____

LAG RECOMMENDATION 77-7 I

SAMPLE NO. SIGNATURE FILE AINT DATA SEgo

I grow
* DD I1NOV 2026 PREVIOUS EDITION WILL BE USED

E.

E- 3



OIL ANALYSIS REQUEST KEYPUNCH

TO OIL ANALVSIS LAO Niew Cumberland STSCP-PE ,.2

F #AJOR COMMAND TACO!, Warren, MI 48090
R .
0 . oz-ERATINO ACTIVI," (i'elud," ZiP CoJd/APO I'Ot4,J .0
M DRSTA-RGRD Mr. R. Rimpela

Warren, Michigan 48090 AVN:,... 7-Z, ....
FQUIPmt.NT MOneLlpf -h 

II |
•U qs -903 Engine

EQUIPMENT SEP. NO. IS-20

EnD ITEM MODEL/HULL NO.

ENt) ITr.IA SER. NO./EIC

DATE SAMPLE TAKEN (L).y. AM, v• LOCAL TIME SAMPLE ZI.24
= TAKEN

04_11URS/MIA,. S ýINCE OVERHAUL 2S-29
400 ou NATO Test

HOURS!-MILES SINCE OIL CHANGE

ý-.7*ON4 FOR SAMPLE LAa TIST OTHI_
0 'ouTIIt 0 *aEUCST (3 c€.L L,

P'L AD~rD SINCE LAST SAMPLE (Pis, Qt., G;ab)

S LAS REQUEST r AIR OR GROUND CeEW

HOW TAKEN ISNMLE TEMPERATURE T

rCINDAIN C)unj O COLO
REMARKS Oil sample spectrographic analysis is require
for NATO 400 hour tests. Samples will be taken every
25 hours. Complete oil change after every 100 hours
of endurance. '2'J 1 /. .

FOR _.A I? USO,'LV / ONLY I-.

SAMPLE RESPONSE TIME 31-4;

rE 41.43 AG 44-4' AL 47-4 CF 50-52 CU S3-S5 •MG 66-5t 4 ,I ' 9-6". f0

61o /i o *7 _jo_7.6 ___
P8 62-64 SI 65-61 SN j87 T___ _ 717 OI47

LAS RECOMMENDATION 77-7

SAMPLE N-Qo SIGNATURE FILE MAINT DATIA SIE

DD I No 77 2026 PREVIOUS EDITION WILL BE USED
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KEYPUNCHOIL ANALYSIS REQUEST CODE

A"ALYSIS LAO New Cumberland STSG1'-PE
F MAJOR COMMAND TACOM, Warren, Ml 48090 4

OPERATINO ACTIVITY (lcludr Z/1- Code/APM) 101)f4AlI S-10
M DIISTA-RGRD Mr. R. Rimpeia

Warren, Michigan 4800g AVN: 786-8528 .
FQVIfPMý.?'jT -O0V•I.. ,1,1.•t-11
• • LM.ITiZ; VL~I-903 Engine
EQUIP•CN7 SeC.. NO. .'0

END ITEM Mot-E*. :4ULL H0.

ENU ITEM St". NOJIFIC

DAT E rAPAPLE TAKEN (I )uy. M.., V0) LOCAL TIME SAMPLE 21-24'
I TAKEN

0sOVpS/4.&Lt S piNCC ?VEPHAUL 2S-79

a0 4 i ?'uAiO restI H)OIt/iMILES 1.fNCE OIL CHANGE 30 33

V41rA'iO n SAMPLE LAL DIr OTTlR 34
c wro vect T L CIaL. 0 %'c'fyl

OIL Anol•_.•:. QLAT . " C--. /3i

* ,-;owlr -- V- U ,-E :, -'•" • -

1hOw FA AL FUNCTIONED

14OW V0UP43
mow rumo L LAO REQUEST 0 AIP OR GPOUND Cltký)

HOW TAKEN SAMPLE TMPE,,ATVRE ITYPE OIL

REMARKS Oil sample spectr-ographic analys~s i~s require
for N•'.TO 400 hour tests. Samples will be taken every
25 houirs. Complete oil change after every 100 hoursof encu'ance. e --/ /I .

FOIR •, USI" ()NI. Y _____

SAMPL. E RESPONSE TIME -f39.40

o eO 0 3

RELMARS oil s e crOMMENDATICN 77-76
foI MAMil AT 400 hI

SAMPL RO SIGNATURE TE 34 A0

0 0 /.0 -3

0 0 0". N 71) so

'* DD I NOY 77 2026 PR.EVIOUS EDITION WILL BE USED
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OIL ANALYSIS REQUEST CODE~~t

*TO CIL ANALY1IS LAD Nmwi Cumberl~ind STSC-D-EE 1-

F MAJOR COMMAND TAC01-, Warren, M1 43090__ 4

o I)rrC4ATING AC'!IVIIY (Unclude ZIP CodrlAr')) V0)fl4 41) 5-10

m L(STA-1'%GF';. Mr. R. Rirupela

u±.A-903 Engine

.t)p l~dcAYHL NO.

* ' 4.Ek4.$t'_1 ,V IC

~11)jl.y .4fn V~r) LOCAL TIME SAMPLE 22
TAK(EN

"0VPS/?A!LF!, S IUCtF OIL. CH4ANGE e

'JIL i'.D?)r0S9~ LAST SAMPLE (Mr.* Qt'. (;at) 35 H.V

"W TAKN UOT SAMOLF! 1MP RA171AF TTYPZIOF o ;.
07 ýK ~VAIIL - - I #'4

PEMAAPt%& Ujl 3ajjupjl. spectruer 2nhic analysis is re'quire
for. NPTO 400 hour tests. wa~~o ill be taken every
25 hours. Complete oil chanigo after every 100 hours
of uncurance.

I-OR 'A4R US!CNI V 1' __________

SAMPLE RE'SPONSE T!ME -.. j3"0A

PE 4%43) AG 4&4.4S AL 41-&S CR 50-32 CU 533S3 PAC. 156-5 NI1 SO-61

re 62.64 SI £5S671 :N $0.70 TI 7t.72 K-0 7476

LAS RECOMMENDATION 77.76

SAMPLE NO. FIENATURE DATA SEQp FSLGNMAURE

IDD FO8 Nov26. PREVIOUS EDITION WILL BE USED



KEYPUNCH

OIL ANALYSIS REQUEST CODE

TO OIL AFIALYSIS LAG New Cumberland STSGP-PE 1.3

F MAJORCOM^ND TACOH, Warren, -I 48090

o OPERATING ACTIVITY (Il•dcfu ZIP C.de/APOI I),l/0iAV 5 10
M DiRSTA-FGRD Mr. R. Rimpela
- warre j, ichi.ian 498090 AVN 786-828 1

EQUIPMtNT 'rODCLJ
9 E^ ".4Luthwins tip-903 Engine '>

LETAEN (ho. la. r) LOC~AL TIME SAMPLE lZ
.E T , ~. A. TAKEN

.. ?INE VERHAUL 2S-29
1Ou our A'" Test

04OURS/MILE % .iN4CC OIL CHANGE 33

" / . 5..0 F S*,n SAM PLE LA•S O'H Is "
0 meU?,"rfl PKO•t IIT 0 CtoL. ( D Sre•i•) (NP C" "

uIob ADoF.D SINCIE LAST SAMPLE (•,t. Q;,. CO 3i536

ACTION TAK!.N

HOW FO'jN "
r3 LAB REQUlkST 0 AIR OR GROUND CREW

HOW TAKFN SAMPLE TEMPE'RATUIIE TYPO.IL. 1it. I

"j.MARKS Oil sample spectrographic analysis is require
for NATO 400 hour tests. Samples will be taken everye
25 hnours. Complete oil change after every 100 hours
of endurance.

F.OR LAR .I.I..:1: )NI. Y

SAMPLE RFSPC4NSE TIMI, 39.40

PE 41-41 A0 44-"S AL 47-49 CR 10-12 CU 53-.S Ma 16-.S NI 19.41.7 7 0 =? Z,- 7 7.fr 3
Pa 62,44 SI GS-67 SN 66.740 i 71.73 MO 74.76

LAD RECOMMENDATION 77-76

--SAMPL 0  SIGNATURE FI.E MAINT DATA SEI

IFORM

DO 1 NOV 77 2026. PREVIOUS EDITION WILL BE USED

E-8



OIL ANALYSIS REQUEST KEYPUNCHCODE
- '- . ' ,, , " - ; ... ..... .

TO CIL AtALY5IS LAD New Cunmberland STSGP-PE 1.

F mAJOn COMMAND TACOM, Warren, MI 4,8090 4

0 OPERATINU ACTIVITY fInclude Za!'C.kJe/APl) ;K)I)AA.D 5-10
M MIHSTA-RGUD Mr. R. Rimpel.a

Warr'en, MichigZan 43090 AVN:-786-8528 .!.•UPM •NT MooC,.

rllIS -93 Engine-},L

TE; % .AMPLE"TAKE*. 
1 4

,y. Mn. If'r) I LTECAL TIME SAMPLE 2 1-24

#IUSI1tf ýNE RVERHAUL 2S-21~. ' 40 Lo01 NATO Test
* .lOUAS/ItILE'.% &PI'E OIL CHANGE 30-33

: r[A.JN FC'A'. .,AMPLI LAS tEL?; OTHI*H• •.

SOIL AD')PO. $INCE LAST SAMPLE (Pa* Ql. ,)•.(alsl . 2:--

;4.,
01 (%r fyý C- /

HOW rOUND I
13 4.AR REQUEST 0 AIR OR GROUND CREW

fL.o'I•,N- rvumv "l.ouo, 0 COLC'j•/..-o~t/'•
HOW TAKEN SAMPLE TEMPEPATVAE TYPE OIL

NI:MAnp.s Oil sample spnctrographic analysis isrvequire
foi NATO 400 hour tes4s. .Z%*iplc3 will be talken every
25 hours. Complete oil change after every 100 hours
o0 endurance.

FOR LA It .Sh ONI. Y
SAMPLE RESPONSE TIME 311 .. 3-40

PC 41-43 AG 44-46 AL 47.49 Cm 50-12 CU 53.3s MG si-sm NI 13-61

P8 *t4SI 05 1-671 SN 06-70 TI 71-71 MO r4-76• 7 1-9/Y
LAD RECOMMENDATION 7 7-*

SAMPLE NO. S4IGNATURE FILE MAINT DATA SEQ! " 30

DD O PREVIOUS EDITION WILL BE USED

E.

• . E-9



ANALYIS REUESTKEYPUNCHOiL ANLYI RE.,ES. CODE

TO O!fL APAAIYS#S LAD 1~wCumnberlandj ST3--GP-PE 1 -3~

F "J.&qJ cr.,""Nm TACOM, Warren. !jI 48090

(. E o rj'%Tv'lii ALtVITY (Inc!ude ZIP, C•Je,'APt)J IU.)I,/I) 5-10
M D Ri _'-T A - ? fU 'D ; R, i1 . R . R i m p o l a I *

Warren, Michif-an4qQ I-'N: 786-84820 _r)__4
C. MtIP01.q NT I, 1 Dý40 ,pt~r 4 ,.• 1-7

.umi.LriJr 'VlA-903 EngLne _,___.

•, EM MO.OrL/HULL tJ'.)

L. A•J a L01, _T11 IcL ". ..

*IflU,.• INC? OVErMHAUL ZS-2946C0 frc,,r N'ATi) lest
HLP2'IAI•1L• &•INL.E Oil CHAN4G- JQ 3.

r 'A1,3'I FOIP SAMPLE L OTLAID 7

A c ADIfShICF LAST SAMPLE (Pni, Qfs. G~all) ' X

'Id wrovraD
CO LAD REQUEST rj AIR OR GROUND I;REW

M140W TArd!N.,, ISAPL- EMPERATIJPE TYPE 01. 3'.3

0NW*MAI- Oil s!, ,ipie spectrogr'aphic analysis is require
ftor NAT0 400 hour tests. Samples will be taken every

I 5 hou:". Comple+.e oil change after every 100 hours
of endurance.

FOI R A B-L.% Lh)NT Y'_______
SAMPLIE RESPONSE TIM. - 39-40

! ~ ! I0 ...... S
L^9 RECOMMENDATION 77-78

SAMME No SIGNATRIE FILE MAINT DATA SEQ

DD NOV 77 2026 PREVIOUS EDITION WILL BE USED
S*

A0

E- 10
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OIL ANALYSIS REQUEST KEUCODE

10 OL ANALYSIS LAG New Cumberland STS'JP-PE "

MAO COMMAND___ TACOM, Warren, MI 48090
~jjOpI A .- rNO ^cTivt V (Irndude Zip Cod,-1AP0) JK)I))A A 1) 5

M DRSTA-RGRD Mr. R. Rimpela
Warre~n, Michil,,gn 48090 AMN: 786-8528.1____

EU-UOPM*.NT tAOOrLAp APL,.,. 11.14

"EQIPMNT SER P 4-'Qa.'rgn -

END ITEM k400CLII4MtL N

E ';* ITEM SF P. NO-1t IC

DA IF %AM6PLF 1AKrN IAyMn. LOCAL TIP-'L SAMPLE 21Z?4
_______TAKEN

j0 our' NATO iest_______
tSv5~,.I $NCE OIL CHANGE.3 21

"krur "CUO 1.Cf LAS r SAMPLE :Ptt.l (3its Gah) f35
A.LT'

HOW W .ALFUNC.TIOPAN -1 7

Howr"ON ( LAO PE!QUEST r) AIROR GnOUND CREW

IfOW TAKE SAMP...'Ef fF TYPE OIL 3.
o flKtAIN 3 -rut C) MOT 03 C-0L

ncMARnKs oil zc-mpie spectrouraph,4c analysis is requji rc
for NATO) 400'C Lour' tests. Samples will be Laven every
25 bours. Complete oil chans al'ter every 100 houesj
Fof eLndurw~ce.

FO )RLA 8 S_ý() N_1,j Y_____
SAMPLE PRESPONSE TIMEJ5 7  3O4

WE4.1AG 44-46 AL 47-49 CR 5O-52 CU 53-55 Mc IS 5a NI 59-61

1`942-44 5I 45-67 SN 60.70 Ti ?!-73 MO7

LAU~ RECOMMENOATION 7774

SAMP't c SIGNATURIEFIEMNT DA Q

FORMDO I Noy 77 2026, PREVIOUS EDITION W:LL BE USED

E-12



- OIL ANALYSIS REQUEST CODE

TO IL ANALYSIS LAS New Cumberland STSGP-r-P *

IF mAjU)ItCOMMAND TACOM, Warren, MI 48090 1

0 :,PlrRA'r'?4 ACTIVITY u(ludude ZIPCod/lAPO) D00l4111) 5-10
M )' ?D,:TA-RGRD fir. F. PRinpela

LVarren. Michigan 48090 AVN: 7a6-8a2.8
E UIPM*.mns MOOIIJ 903 Engine _____

FQUI9'tVNT SEA. NO.

END ITEM fMODE L/HULL NO.

END ITEAA SEP. NO./EIC

#,ATF SAMPLE TAKEN Il~kq, Mo.. YrP LOCAL TIME SAMPLE 21-24
ITAKEN

IIVSRCS'NEOI.PAUL 25-29

tIOURIMIPALIE 5,INCF. OIL CHANGE 30¶33

ArA~iO'4 rFC'R SAMPLE LAU 92 OTHER31
L)o towr*INr 0 "* vgyIDS rl CeLL 0 o.pwetfy,

OILAno70 0CE LAST AP~ (EPUEt. fs A&IR 35-3OU RE

ACTOW TAKEN ALETMRAIR TYEOL 3--

REMARKS * .1.smleg cpetr rpc anlyi -is 4eqiW

I'O LAAB RE UEST ('L _IRR_____CRE

HOWAM K EPNE TIMPE TEMPERA7) TYPE OIL 5-3713240

c!.t~m0 3 i- 3CL
fLAr REONNATIO 40 ortss 7'mlswl etkneey

AM. L Nour. Sopet iGNATU gefte lry . AT 10husE
___7ndurance.

DO ~ ~ ~ O LA H 22 IEOUSE EDONWIL BEUE

SAMP% ~ ~ ~ ~ E 13ISOS TM 94



K-EYPUNCH

61L ANALYSIS REQUEST CODEo-- r~.•;, ....-...
To oIL ANALYSIS LAO New Cuml'erland STSGP-PE 1.3

MAJOA COMMA, O TACOM,1 Warren, MI 48090 4

o oQPr RATING ACTIVITY (In•lude ZIP Cnadi/APr)JIII)AA) ) 5.10
M L',S'`A-EfD H"r. R. Rimpela
-• W',arren, Mi.chigan 4809,2 AVII: 786-8528

EQUIPm,,. NT &A,1 ClD(L Ap 11-14.ul.ri,1O.A flk -903 Engine

-QUIPPMCNIV sER 0 15-20

ENfl iTFi !k4()0EL/HtLL NO.

r#4c'I11KPAS.R. NO./tIC

CIATE SAMPLE IAKEN (?h.y. Mo* _, .OCAL TIME SAMPLE 21.24
TAKEN

IPnURf:t,4A-INC O 0 P1..HAUL 2592
SiCU Hour NAT O Test

k.OUnS/MIL ES SINCE OIL CHANGE 30.33

rlA•O0,4 fOR SAMPLE LA% TEST '34

[Ip3 mrN 0 01OFS CrLL El (spercify,
OIL ^D-r) T.INCI. LAST SAMPLE (Mt. Qrs. (GaWs 35-36

ACtON TAKEN

NOW 1CAFvI .I~ f

How4 rouJN a LAO RaEQUEST rI AIR OR GnOuN0 CREW

mjoW TAKEN ' SAMPLE TEM"ERATUPE j TYPE OIL 37.36
.r o-,N ri ,u.1 " 0 -o? 0 coI€C'

AEMA4KS Oil sample spectrographic analysis is require
for NATO 400 hour tests. Simples will be taken every
25 hour-.;. Complete oil chance after every 100 hours
of endurance.

FOR LA II L.S'. UNLY
SAMPLE RA.5'ONS.E TIME 3"-0

PIE 4I14S rO 44-46 AL 47.49 C 5052 oU 53.35 56-52 N1 5.61

0 0 9 M 47 ~
PS 62-44 SI 61.61 SN £6470 TI 17 10 747

I/ .... ._ I , I I __0

SAMPLE NO. SIGNATUR$/ ,r)La mAimT O ATA SEQ

0D 1 Nov 71 2026 PREVIOUS EDII-ION W:LL BE USED

t1

S. .. .• , , , i I I I I I I I I 1i4



OIL ANAL.YSIS REQUEST CODE

L ANALwvSIS LAI New Cumberland STSGP-PEI

,• oR CooA,, TAC.-., Warren, MI 48090 4

OPT PATINt4 ACTIVITY (ircluJe ?IP (.odlAP(,') iLM)lDAL) 5-10M D"•SIA-RGRD "Mr. R. Rainp:La

1 War-en, Michigzan 480,;- AVN 786-528a
•QUI 'I•.T • . '*I r•Pk ^-1 1-14-ur 4U 1b -T ~ ~~ 903 Engine

EQUIPMENT SEP. NO. |S-20

E.iD I rEMA MODEL/HULL 1"0.

rtNO I"I EPA %•-. P$O./rIC

VATF .SAMPLE A K(EN tAluy,.. 4.. V't) I OCAL TIME. SAMPLE 21"24
1 TAKEN

0IO V :'.A- 1E ' I 'IN C E O V E nH A U L 2 5 -25- --41:.i HI Iour NAT'O Test

MOUASIPAOLES SINCE OIL CHANGE 3043

VIPA.53N rq ..SAMPLE LAS OTL4A .... 24

0 tkmt) C) otcure'? 0 CeLL C) fs~pify1 -

OIL ADUFIrD SINCE LAST SAMPLE (Ps$. Qus. Gals) 35-6

L ACTION, ,

,IS ."A-.N. I r W 0 -

O .AO REQUEST b AIR OR r.ROUND CREW

HOW rA'KCN SAPETEMPERATI TPit OIL 37-33El DWAIN (3 u 0 o 0 cot

REMARI-S Oil sample spectr-oqraphic analysis is requireI
for NATO 400 hour' tests. Sa-mples will be taken every
25 hours. Complete oil change after every 100 houPs
of endur'wice.

FOR LA B. USI O)NL Y
SAMPLE RESPONSE TIME 39-49

PC 41.43 MQ 44-46 AL 474.CIft SO-$ CU 53.5, Mb 66.-S NI $11-1

r7 -o 1 o /- e!ý-3 -3L
PB G244 SO 1167 SN 6870T 71 713 O 7476

07 1? 4)
PLA 7 7.f~.0MmCNOATION 77.78

NSIGNATURE FIL #MAINT CATA SEQ

1D.0 NOV 77 2028 PREVIOUS EDITION WILL BE USED

E-15
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ENGINE TEST SET-UP, LEFT FRONT

ENGINE TEST SET-UP, LEFT REAR
F-2



. . .... ........

ENGINE TEST SET-UP, RIGHT SIDE

op

ENGINE TEST SET-UP, RIGHT REAR r---



ENGINE TEST SET-UP, TURBOCHARGER

ENGINE TEST SET-UP, LEFT SIDE F-4



4W

PISTONS -TYPICAL CLEAN APPEARANCE

PISTON -TYPICAL BOTTOM SIDE OF
PISTON HEAD F-5



~~ I-.,

VV

PISTON -SECTIONED TO DISPLAY PIN BORE

CRACKS (WITH DYEPENETRANT)F-



PISTON -SECTIONED TO DISPLAY PIN
BORE CRACKS

PISTON PIN -TYPICAL, APPEARANCE -NO -
VISIBLE WEARF-



TYPICAL PISTON RINGS NO BERG

STRESS PISTON RINGS 
-No SIGNS O.V

.......



CYLINDER LINERS - EXCELLENT CONDITION

CYLINDER LINERS (REMOVED) EXCELLENT
CONDITION F-9



CRANKSHAFT -EXCELLENT CONDITION

CRANKSHAFT -MAIN AND ROD JOURNALS
EXCELLENT CONDITION F-10



*q

MAIN BEARINGS - NO OVERLAY BREAKTHROUGH

1 2 3 4

ROD BEARINGS - NO OVERLAY BREAKTHROUGH " F-Il



ENGINE BLOCK -TOP VIEW WITH LINERS-
EXECELLENT CONDITION

7..

letw

- ,~ 2'; .i,

'.!

ENGINE BLOCK - BOTTOM VIEW WITH LINERS -
EXCELLENT CONDITIONS E-12



NEI

CONNECTING ROD

CONNECTING ROD BUSHING TYPICAL GOOD
APPEARANCE F.-13



rL r

VALVE SEATS - VERY GOOD CONDITION

,F-14



TORSIONAL. VIBRATION DAMPER -ELASTOMER.

FATIGUE

- ~. ......

.- o.

OIL PICKUP TUBE FAILURE

F- 15



CAMiSHAFT -EXCELLENT CONDITION

CAMSHAFT -LOBES AND BEARING SURFACES E1

IN EXCELLENT CONDITION. Fi



27

AT-2-.' --.711--e..

TRANSMISSION OIL COOLER SUPPORT
BRACKET SHOWING BROKEN TAB FROM OIL F-I17
COOLER



TYPICAL INTAKE VALVES - CLEAN - NO
EVIDENCE OF STRESS

41

• o;/

TYPICAL EXHAUST VALVES - CLEAN -'NO

EVIDENCE OF STRESS F-18



APPENDIX G

DIMENSIONAL INSPECTION SHEETS

G-1



DATE
s ._,4 P,- B E 7 Sep 83 SHEET OF

EGIVE NO. WORK ORDER

SCummins 
VTA-903 RZ610133

RECORDED BY CHECKED BY
DRSTA-QAA G. GREMBOS

V I

+4.__ _ ____

PtSTON PIN [3 E c5 E 1 TF? A*',P1A PIsTOn O0.. I 0IA 2 WA 3 1•/'-

-I.T48 A !)4. A t). 8 ~ h
11 1.7490 ~7 VT ~ 6C2LF 1~ 7T~T

- O__ - .0001 o .0002 _ _ 1.749C .001 .003 o& .002
: 4d 1.7495 - 0 5.448- , 7 5 0 - 5.484

1. 7_98 & 1.7498 10 5 7 9---j449 5. 40 . 4836 .o oo o0003 OR .0003 1. 749E. . 0 1eR .0'C ......
1j494 .ii!1-L96 .0002 A 5.449 A 5.468 A 5.485
1I.7496 e.. 1.7500 .0004 5.450 5.470 483

.. .. , A o. 0 0 0 4 _ _ _ _9 . 0 o o i.0 0 2 o .0 0 2
Al- 1. 7491 InJ.7491 0 ._ e - A] 5.448 A 5.467 -5.-484

L 1- J 492_- 1, • ...Z 1. 1. 49 0. (1 5. 5.469 6-1[ 5".483
CA. .ooo A .0001 '--749- Ol .6602- 6 .002 :1Aj. 1.7491 !L 1.7491 0 A .448 A 540 q5'.-48-3

5 a 91_0. 1.429 05;48 A 5.6 543
611 .o0001 o' .0001 1- - - 70 02 .000 -. 002.0 .001

_1. I7.494_ 1.7494 0 A 5.447 5.468 806 all 1.7494 1021 1.7495 .0001 6 5.453 8 5 .471 b 5.48409_ .0000 aR .0001 1.749 . A 0.000 .003 P, .0040
AI 1.7492 A2 1.7492 4 0 .... .A 5.448 A 5.468 A' 5.4846 8- 1.7494 j2 1.7494 0 60001 5.43.469 a 5.482

_ OR .0002 I*i .0001 1._74_9_ .001 e, .003 .004Al 7492 41 1.7492 0 .oo --

A.....0A 5.444 5.464 "AI 5.484
8 81 1.7492 I8,1.7494 .0002 i 5.444 5.467 8B 5.483

: .0000 1 .0002-.. 1.749 .003 .001

NOTE: Pistons numbered 2, 3, 4, 5, 6 and 7 show visual signs of cracks in the upper

half of the wrist pin bores. A liquid penetrant inspection performed gives a

relative indication of the discontinuities present in the above discribed pistons.

G-2



DATE E

12 Sep 83 SEET OF

ENGINE NO. WORK ORDER
CONNECTINO ROD BEARING SHELL TiHICKNHES Cummins VTA-903

RECORDED BY CHECKED BY
DRSTA-QAA D. Melanshek

UPPER HALF LOWER HALF

_________ ______I 

CONN.
[OD ROD

LOC. FRONT REAR TAPER WEAR LOC. FRONT REAR TAPER WEAR

A .0938 .0937 .0001 A .0935 .0937 .0002

I .0935 .0931 .0004 _ .0941 .0941 .0000
C .0940 .0940 .0000 C .0932 .0935 .0003

A .0938 .0938 .0000 A .0933 .0935 .0002

2 b .0932 .0932 .0000 B .0940 .0942 .0002 1

C .0934 .0937 .0003 C .0938 .0938 .0000
A .0 9 35  .0935 .0000 A .0935 .0935 .0000

3 .0935 .0935 .0000 B .0940 .0940 .0000
C .0935 .0935 .0000 C .0938 .0940 .0002

A .0938 .0938 .0000 A .0935 .0935 .0000

4 " .0933 .0935 .0002 B .0940 .0940 .0000

c .0935 .0937 .0002 c .0938 .0938 .0000

A .0937 .0938 .0001 A .0938 .0935 .0003

5 .0932 .0935 .0003 0 .0942 .0942 .0000
C .0940 .0938 .0002 C .0935 .0935 .0000 ....

.0930 I .0930 .0000 A .0935 .0940 .0005

6 : .0932 .0932 .0000 B .0940 .0940 .0000 1

i .0934 .0935 .0001. _C .0936 .0936 .0000

G- 3
TAC DETROIT ARSENAL..-

CENTER LINE. 4lCHIIGAN



SDATE/
12 Sep 83 SHEET OF

ENGINE NO. WORK ORDER
CONNECTING RODl B3EA[RING SHELL THICKNESS Cummins VTA-903

RECORDED BY CHECKED BY
DRSTA-QAA D. Melanshek

A C

UPPER HALF CONN. LOWER HALF

IROD ROD
No. LOC. FR•NT REAR TAPER WEAR NO. LOC. FRONT REAR TAPER WEAR

S.0935 .0935. .0000 A .0935 .0935 .0000

7 B .0934 .0934 .0000 7 8 .0942 .0942 .0000
C .0940 .0940 .0000 C .0938 .0938 .0000

A .0937 .0935 .0002 A .0935 .0937 .0002

8 1.0942' .0942 .0000 8 8 .0935 .0935 .0000

.0940 .0940 .0000 c .0935 .0938 .0003K,- A ,_,

A
' g B

C C

1. 6

I ^ A

1 A h

I - 3-'---

! D B

G -4
*..--".-.--- - --- .- DETROIT ARSENAL

N ~ ~CENTER LINE. MICHIGAN



CPot)1N ROD io p bi SHEET of
RECOBOERDEDIK WOR LI RDERDB

P~~ti. s0o le 8EF6~ C~~ ummnins VTA-903 .RZ610133

________ DRSTA-QAA ID. Melanshek

2 1

(tSECTION TIIRU LARGE END)

PI -ig uiO"1 IN !E PlA.

LOC.
;I 1APEiR AVC..DIAý. I tAPER AVG. DIA

-. . 1 .7512 1.-7512 .0000 1.7512 1 A 3.3 1'14 3.-3-17 t4, -.-000,0-

b 1.7510 1.7512 .0002 1.7511 -] - - - - --- -___-__

_ 1 ~3.3168 .32 .0004
.0002 .00 .0002 (U .06 0

.06.004 .0002
1.7516 1.7516 100 1.'(5 16 - _ 3.3172 13.3 17 .0 2

.0002~~_ .000 .0002 31- 0 .174,_ 00042

oý .00024 .000004 - .0004
p1.7510 1.7516 .0002 1.7515 3.17 3I 7 .000 -

.00027 002 -. 33100
3- 1.75-10 1.l..7 510- .0000 1.1510 7 .12!.14 00

3 u .1.750 113510.000 1.51 1'( .0002i

J .0000 _.000 .0000 - - 3.31(0 3.3 112 ..0002-

I.711.50.00.10 0 -. .0004 .060O4  .000011. 750 1.71 .0090 1.7510.372 3. 4.0002 -

3. 17 . 311.. -- 3.3 3 .317!Xi00
-...... 0000 .0000 .0000 - .12I337 00

~j 1.7510 1-.1i5'12 .0002 l'(.511~ ..-. 1 *03 . 0

1.7510 1.7516 .0006 1.7513 3. 712! 3.3 17 :9 000

6 f1.51 17521.000Ii.7123.317601 3.317(2 -. 0002
.0004 .00001 .0004 .. -. 3 .36 3I 1 - . 001 ___

- 3ý.3 1701 3.3173 .0002
1.51 -1.7(510- .00 1.7Y5.3110 00 00

7 .17512 1.7512 .0000 1 -75.12 1 - 10i3-1J 00
S. --. A 3.31694 3.3174 .00

.0000 .0002 .0002 4.10- 00
-. 17 5-_ __ .3174 00

1.7512 1.7Y5140 .0002 1.7511 .18 3370 .02 ___

1.7l2. (,' .0006 .0004 .0002
~' 8 . A 3.31'78 3.3174 -. 0000

-- ~---- -~.-!------ - - _ 3.3170 '3.3164 .00064 __ _

1-52 1754 .01 3.316 3.00170 .0002

C 3312 3.3172 .00 __ __

G -G5.



9 Sep 83 SHEE T  OF
TTG r -n . . ... 1 LWO kO.

CONHECTING ROD PLARINO3 Cummins VTA-908 RZ610133

RECORDED DY CiECK[l oY
DRSTA-QAA D. Melanshek

f IPNT

2

SPEC. BEAI.ING I.D. S ZC. BEARING I.D.
-. i.' BEARING ,-_

TAt FR AVG. NA. 1 2 TAFFP AVG. DIA.
A '.7-7 9 --l9 UUUU__ _ _

jzT_ 130 T1-o' -__T__ 10_6-'---_o 99-_- .... B__1 lJ"'{; I 3 13 1- • -06 -- -.--00-0-5 -- 3.12_99 " B.
3.1299 3.1302 .0003-.... C

R .0005 .0010 .0005 OR

-°3.:1291 3.1292 .0001 1
___3.1296 3.1300 .0004 3. 1295 0 -5I 3 . ._ l .2 [ L 3 1_ 3 ._ 2 PO ~ . . .. . O _O _ -_._ .-

I-rf, ..0006 .0008 .0002 o? __

.A 3.1298 3.1296 .0002 A'I
31 1.3.1298 3.1298 .0000 3.1296 - -

_.3._1294 J. 3 12 9 4 .0000 . c• ,]I -'...._ 5 - =- 0- -- - }• _..- _ _ __-

I t3.*1297 3.1294 4 .0003 A

3rT. 1•.• 31 299 .0002 3291,'.7 3. 1301iJ i..--..9_-: .. Q.O-_Q--.J-. -"3"12-9--- ..-

.111177.0004 0005 .0001 ___ 4 T ~ 1 __ __

, 3._1294 3.1294 -_.0000. _
1  1 3.12.9 3.1304 .0005 . 3.1299 -0---

" =J• . •,_ ...7.i ..-.. .m-J_
0c, .0005 .0010 .0005 j OR .... ..__- -1 -6-53.12 9 . .0R .

6 [• .31298 3.13026 .0004 1

6•t[ •T3.1300 .3 - .0002-- - 29. _

, 00o--5C-08 .0008I .0000 OR_"__
t. 3.1290 3.1292 1 .0002 A

3.1296 3.1298 .0002 _

7i 3. 2I 3 1.. 0004 3.1294 c
00006 .0006 - .0000 _-OR

IJ-.7--3 . I A3: .0002 A

3.129 3.1298 .0002 -3. 1_3. __

8 3.1290 3.1294 .00024 3.293 ---I Z,6 -. -6 .0000 .. -

* .... -., . . . .... .- ).- .17 .( - - - - A............. .. .. .___ ,_ .,,__,__

,o,,,,, 1914-8 , ... CiJ' •/ /• / G - LJ,,L, ,,•y . ,AS ,,N

12 JN 5L L C~lEII IN, MICAt



S... . ... .... .M •~ p m• • ; .

DATE
12 Sep 83 SHEET 0F

EXGINE NO. WORK ORFIR ',

T. TH RUST 13EA R I NG Cumminms VTA-903
RECORDEDBY CHECKED By-

DRSTA-QAA D. Melanshek-I

A U

UPPER
REAR .1480 .1510 .1490

LOWER
REAR .1490 .1515 .1500

UPPER
FRONT .1500 .1515 .1500

* LOWER .1495 .1513 .1498 2~
FRONT"

G-7



DATE
8 Sep 83 J SHEFT OF

ENGINE KO. , ORDER
PISTON PIN DIMENSION CliECK Cummins VTA-903 RZ610133

(LAB. SOP.) RECORDED BY CHECKED 0
DRSTA-QAA G. Grembos

,RONT

I 2- _ _ _

'O WAR NO.-- EA

CYL PO-ITION AVG. CYL. POSITION TEAVG.No LOC. ,. .. TAPER WEAR NO. LOC -,TAPER WEAR
.1 2 2 3 -

Al 1.74921.74901.7491 .0001 .0002 Al 1.74911.748.I.7491 .0002

8I B 1.74911.749 1.7491 .0002 5 BI 1.74911.748 1.7491 .0002

r) .0001 .000 .0000 OR .000c .000c .000c

A? 1.74911.74811.7491 . .0002 A2 1.749 1.749C 1.7492 .0002

2 K 1.7414978911 1 .0002 6 Bz 1.749;1.749C1.7492 .0002
' .oooa .oo'od .0000 .___ __ _______

01? 9. 74 9t -0.00-002 0 .000C .000c .000c .0

S1.,7491,1.74891.7491 .0002 A3 1.7"49 1.749CI.749_ .0002

3 1 .7491 1.7491.7491 .0001 .0001 7 B3 1.749 1.749C1.7492 .0002
) "I

-F: I.000C .0001 .000c OR .000 .000c .000c

Al 1.74911.749CI.7491 .0001 Al 1.7495 1.749" 1.7495 .0002

4 •i 1.74911.74891.7491 .0002 8 81 1.7495 1.'49 1.749 .0002

OR .000C .0001 .000 OR .000c .000c .000c

A2 A2

82 B2

OR OR

A3 A 4

83 63

OR OR

AI Al ,

B1 Bl

OR OR

A2 A2

B2 82

OR A IS/i A. ___ A_--....

-3 A . .



H51 ON RING THI•-KESS 12 Sep 83
AND WIDTH 1 Sp8ENGINE N,-. Wo RK OR7)f'R

(LAD. SOP.) EHGANE 3
_____ ____ ____Cummins VTA-903 RZ610133

RECORDED BY IHCE BY

DRSTA-QAA G. Grembos

WIDTH

THCNESS

CYL.THICKNESS WIDTH.. RING O. OI RING NO.

TOP 2 3 4. 5 6 TOP 2 3 4 5

.MAX" .11301 .1460 .1860 ".207 .205_ .159

MIN. .1125 .1455 - . 1855 .204 - .204 .157

2 , A X. .1145 .1455 1.1860 .205 .206 .160

mw. 1140 .1450 -. 1850 . 202 .203 .157

MAX. .1150 .1465 1860 ._206  .206 .159

.1140 1460 . 1855 .20 .156

MAX. .1150 .1450 1860 .203 .209 .16

MI. .1145 .1445 .1855 .204 .204 .1.55

MAX. .1150 .1460 .1860 .205 .211 .162

MIN..1140 .1450 .1860 .203 .208 •157

IX. .1165 .1465 .1860 .208 .205 .159
6 MIN .1160 - 1 455 .1855 .205 .203 .156

7 MAX. .1150 .1455 .1860 .206 .210 .158

MIN. .1140 .1450 .1855 .203 .215 .155

8 MAX. .1135 .1460 .1860 .207 .206 .158

MIN. .1130 .1455 .1855 .205 .202 .156

MAX.

MIN.

MAX._

MIN.

MAX. - ____ ____- -- ____ --

MIN. __________L~-

MAX. I -

TAC FORM 4534 F
22 JUL 60

G-9



i1
S13 Sep 83 I -

Y/- /)v O.E6/A' C A/E. R jt5-A-44 14• ,/1.

Cummins VTA-903 RZ610133

RIGHT BANK DRSTA-QAA | G. Grembos

if ... •.o C4•__/7 4

C Y4 7- A

N _ _ _ _._._... ,_ _ __-,,_,,_ __,_._ _.

A 5.4995 5.4998 5.4992 .0006
_ . .. ......... AVERAGE DIA 5.4999

5.5000 5.5008 5.5004 .0008

.0005 .0010 .0012

5.4993 5.4998 5.4993 .0005 A

2 5.5005 5.5008 5.5000 .0008 AVERAGE DIA 5.4999

.0012 .0010 .0007

A 5.4991 5.5002 5.4996 .0011

3 5.5008 5.5012 5.4999 .0013 AVERAGE DIA : 5.5001

.0017 .0010 .0003

A 5.4999 5.5004 5.4994 .0010

8 5.5004 5.5011 5.4999 .0012 AVERAGE DIA 5.5001

OR .0005 .0007 .0005A _

0ok i.__"_-/<__G__0

0-10



Y/13 Sep 83
C YL- IV A! AZ / E a. "FE 4, . .' I. .-VO.

Cummins VTA-903 RZ610133

LEFT BANK IDRSTA-QAA G. Grembos

zI

No.

A 5.4992 5.5004 5.499 .0012

5 5.4999 5.5012 5.5001 .0013 AVERAGE DIA =5.5000

.0007 .0008 .0007

A 5.4996 5.4998 5.4990 .0008

6 5.5002 5.5008 5.4996 .0012 AVERAGE DIA =5.4998

tI

A? .0006 .0010 .0006

A.' 5.4998 5.5005 5.5000 .0007

7 3 5.5002 5.5013 5.4996 .0017 AVERAGE DIA =5.5002

- ll .0004 - .0008 .0004 _____

A 5.4998 5. 5008 5.4998 .0010

8 B 5.5002 5.5009 5.4998 .0011 AVERAGE DIA 5.5002

O .0004 .0001 .0000

A 5.41R 5.499 549.0

6 13 .02 550 549 01 VRAEDA:549

OP, .006 .000 .00 1



1 10 Sep 83 SHEE ' OF

) Ajm v ao15 tJ!. LOO1 EOF D f (.l3 IN • WCummins VTA-903 RZ610133
1.>'4 !X. 1- P. KED cy

IDRSTA-QAA G. GREMBOSIA

LI I Ioi

f (m
.. . _.. 

i -.

.0 0 0 1 .00 00i i &

A [ . 453'( i 4537 .0 0 .43 .43 00

I - --, -

,"'~~~Ex i, 
, 0,- ; - -c• 

"t ''

.4536 .4537 .0000 .4532 .4534 .001

2a .4533 4535 .0002 ' xl " .4531 .4525 .0000

SInt -- E h _ I.00 0002 , .0001 .000 0

.43 -43 000 .00300 00

"A .4 5 3 . o o o o 0 0 0 d .45 3 5 .4 5 3 .0o o o o
it a .4528 .4525 .0003 ii d ,J 4 28 4 2 0 0

Int - - -
I- ExhI ""

OR "000 00 2 , .000 7 .0007

O09

Znt . . ..... .............. . .. 1 . ... ..I xh i ..... -- .. .. __ . . . --.... ...4536 4537 ! 008 .4535 .454 30 .0001
2a .4538 .4535 I.O003 2bd .4525 .45250 10005m nt . . . ... . -... ....- I ... Exh !.... . . ... - - - t .._. .--.. OR =:.0002 . I ...0_00 .2 . .. . •'" . 0001 _.00 _.. ! - . .-

Oil

2J .45363 -1

AO 43 R ~o 00 j~ __ 430 00
2c......."''-=•- = '": .4538 ..... 2.Ii -" • "4 3 . 4530.... . 000.... . .. .

S• : . .. . t- 
_ _ _ . -" 

- .. ,

OR 
-'- 

-

2, J~ 5 3I 
••l~l 

11 i+



10 Sep 83 SHEET, . OF

UU4 V ALW N I r,[ EO [ [; f-,. MCumnins VTA-903 RZ610133

__DRSTA-C)AA |G. Grembos

-. . .. ..........

f.... I I IO N
', . L OC" .. .. fT ,,, flf, , P . L .' T T.. . . . .. . ,l

1 2.i 2

.4534 i .4525 .00 .4535 .4520 . .0015

3a 8 .4534 .4525 .0009 i 3b .4536 .4523 .0013
Int Ex. -j .L 'r, __ .. . ... .. . .... .... I Exh .000300 3

A .0 oooo,0ooo000 .0001O OC

A_
.58 .4529 I 0009 _.4538 -. 4523 __ .0015

, I .4541 .4527 .0014 3d .4537 .4525 .0012t Int - - j I...... 1 .. . !..... .t Exh * .4 2 --- 91 -....

-0003 _0002 .0001 .0002 . -
A .4533 .4525 .0008 .4533 8 .0005

4a t.B4533  .4525 / .0008 4b i .4535 .4530 .0005
Int Exh ....

OR .0000 I .0000 f I .0002 .0002

_537 . 4 .. 0012 . ...4535.4530 .0005

4c 0 .4537 .4525 .0012 I 4d .4535 .4535 .0000
Int . Exh 3•OR .oooo 00ooo!!-05ooo .oo

- 0000--

AF

OR V
Si• ' -• ....... . . . .. .. .

G-1 -3 ---

.... . ,13•' G-t3 1,



DATE S, ISHEET of

CRANM.CZAF1 JOURKAL DND CRAW'PM.DIAMETERS E.NGIZ NO. SERl ORDER
A Cummins VTA-903 RZ610133(LAB. SOP.) CliZUED BY

_DRSTA-QAA G. Furton

1 2 1 2 1 2

AI 2 2 1 2 '12 1 2 12.

1. 2 1 2 1 2

f2 t T

NOTE: Crankpin 01 i3 In voertiIa posit,tn.

JOURNAL M,'AIN JOURIIAL DIIA.ETER CTA!4tPIl CRANIKPIN DIAMETER3

NO. LOC._____2 TAME WEAP '9. LOC. 2, 131WEA8
Ai3795 3.797 000 A 13.1248 314 00

1 3.7498 3.7496 _.0002 I 4 0 3.1247 3.1247 .0000

0R .0003 .0001 _-2 .0001 .0001 _

A 3.1242 3.1234 .0002 A 3.7496 3.7494 .0002

1 3.1241 3.1243 .0002 5 8 3.7493 A3.7493 .0000

0-k .0001 .0001 _-R .0003 .0001

-A 3.7498 3.7495 .0003 A

2 3.7497 [3.7496 .0001 91

o-R .0001 .0001 1 _ _I A 3.1248 3.125 .0003 A

2 8 3.1247 3.1249 .0002 - I
0-1 .0001 .0001 i-R
A 13.7498 3.7496 .0002 A

3 8 3.7495 3.7496 .0001 -t I I

O-R .0003 .0000 -R ______ -_-

A 3.1248 3. 1246 .0002 A o o
3 8 3.1248 3.1245 .0003 A.

•R .0002 .0001 O-R

- 14 -ENTER tl- -, o-c !-
3. 7495 II496 .0001II II -I IIa



DATE

6 Sep 83 SHEET OF

ENGINE NO. WORK ORDER
CONHECTIHG ROD BEA4IHO SHELL THICKHESS Cummins VTA-903 RZ610133

RECORDED BY CHECKED BY

DRSTA-QAA D. Melanshek

ei

A ,c,

UPPER HALF CON. LOWER HALF

P~OD ROD
LOC. FflOUT REAR TAPER WEAR 0.LOC. FRONT REAR TAPER WEAR

A .1540 .1540 .0000 A .1538 .1538 .0000

.a .1545 .1544 .0001 1 .1543 .1543 .0000
C .1530 .1535 .0005 c .1536 .1536 .0000 _

A .1535 .1535 .0000 A .1532 .1535 .0003

2 . .1545 .1543 .0002 2 e .1542 .1542 .0000

, .1531 .1535 .0004 C .1536 .1536 .0000

A .1537 .1535 .0002 *A .1535 .1535 .0000.

3 K! .S1542  .1540 .0002 3 B .1540 .1540 .0000

C .1533 .1533 .0000 C .1536 .1535 .0001

A .1532 .1532 .0000 A .1535 .1535 .0000

4 .1543 .1541 .0002 4 a .1538 .1540 .0002
""C .1538 .1538 .0000 C .1533 .1535 .0002

* A .1535 .1535 .0000 A .1534 .1534 .0000

5 b11 .1543 .1544 .0001 5 B 1542 .1542 .0000

C .1535 .1535 .0000 C .1536 .1536 .0000

DETROIT ARSENALS ....... EA LINE. C, OA,



DATE

8 Sep 83 S hK.T T

ENGIUL 80. W;ORK 0 1,
.ATAlif- INTAYVE VALVE rSTLIA DIHEHSI(,%11 Cumimins VTA-903 RZ610133

(LAB SOP) RECORDED BY CHECKED bY
DRSTA-QAA D. Melanshek

B-1 B-2

A- A-2

GUIDE TRAVEL

CyIPOS IT ION, CYL. POSITION
~ LOC. _ _ 2 TAPER LOC _ 03 _ __

t 2 NO 1

A 1.4500 .4500 .0000 AX. _ .4503 .4503 .00001

___1 .0000 .000 .0000 1__ OR_ .000 00
A I.405 .4502 .0003 AF' .4502 ~00

IT..4503 '.4503 .0000 N. .4505 .4502 .0003

l.0002 .0001 .000 1 1 OR .0000 .0000 1 .0000

B i B .4507 .4504 .0003 jB .4500 .4501 1.0-00 1
'2 Oil .0000 .0001 .0001 1 2 O~I.0000 .0001 .0001

A __ .4504___4_4______.000 A .4506 .4501 .0005
B 4503 - .4498 .0005 1 455 4501 66

2 fOR~ .0001 .0000 -. 0001 2 0+1-_ .0001 .0000 .0001
A .4502 .4502 .0000 H ,. .4499 .4499 .0000

EX H_ _ ._ _ 0_ _ _ _ _ _-

EH R .4502 .4502 .00002.- H .4499 .4499 .0000
3-O .0000 .0000 .0000 3 OF .0000 .0000 .0000__

.4502 .4500 .0002 A_ .4505 .4505 .0000j
.452 448 .00 B .4505 .4505 f.0000

3 ' .0000 .0002 I.0002 3 OR .0000 .0000 .0000
I.4505 .4505 .0000 A .4502 .4502 .0000
.4505 .4505 .0000 8 .4503 .4501 j.0002 1

4___ OR___ .0000__ .0000_ .000_4_O .0001 .0001 .000__ t

IN. A i.4505 .4498 .0007 IN. A .4504 .4502 00-02
INT .505 .4498 .0007 Ih. B .4504 .4502 .0002

4 -~.0000 .0000 .0007 4 OR. .0000 .0000 -. 0002
EXiH A. EXH. A_____ ______I_ _ _ _____

INT. I__ _ _ ___ _ _ _ NT.- - -

OR OR

EXIF. h B _____ ___ _ E6XH. B- -

A I__A

OR_____ - 01"T

T A r" I(WA G-1 DT11o1 ARiSENAl.
17 &u An 16 EN Ith I. tit ,M I ts10



APPENDIX H

NATO REQUIRED DATA SHEETS

FULL LOADS AT 100 HOUR INTERVALS

PART LOADS AT ENDURANCE COMPLETION

H-I



ENGINE Type: NR:. "ace date:
FULL CHARGE PERFOMA•CES Reference

IJEL: OIL type: BRAKE type:

Volume mass: "v"a! grade:.. Full Load at 0 Test Hours

o 3 30.01 29.9 29.7 9.:

ENT 00
po •,,998.9 999 99. 99. 99. 989 98-

arm12600 240 2200 2000 180 1600 1400-i e
" " 1387 14,9 1420 1386 1334. 1258 1151 _ •

""* A "' 378 352 327 I 290 252 211 169 .1

'Po I b 11.8 12.2 12.1 11.8 11.3 10.7 .8
/b•ft h23 223 217 218 223 228 246

15. 16%7: 153.5 148. 146.1

82.6 0.6 70.8 63.4 56 4 35

pH bar 7 7 z1.J 7 4K25r

_ 11 1.7

19 i18.,W 94319433 11 11 94.55 9411 . 5i

.9.9 30.161 30.23 29.95 2.72 29.579

1 " 111.35 9.96 7..77 5.45 3.64 2.46 1.44

L - 1153.33 144.4 129.87, 113.88 97.6 82.58
E 0 2 bar 1.? 1.17$ 103 .3 64 .5

'o102.3 100.47' ) .9 94.8 92.44 90.7

t3 672.9 651.1 637 645.7 6,62 _ 706..9 738.7
E . ,8. -1 .032 .329 .626 .440 .308 .198

"A t . 1554.4 537 537 557 595.4 634.8 .670

" ,T' 133.17 28.8 17 7.47 2.96 .32 1.42

__----- --H--- _

HW2



ENGINE Type: N°-. jRace dat:"
FULL CHARGE PERFOMACESReferen

!NI TIL rC1 FRNAL c

i"FEL 'OIL type: BRAKE type:

Volume mass: hq/da 3  grade:.. Full Load At 100 Test s

843j~c 30.8 3. 973.

I~.L~i ~987.6 987.6 987.6 67 987.6 987.6

*T , I 2600 2400 2200 2000 1800 1600 1400

14111425. 1398 1352 1267 1162

NA 384.4 .362.6 328.3 292.8 254.8 211.9 170.3

,, b, 11.9 ' 12.2 12.1 11.9 11.5• 10.7 9.86

CS6 /bit, gw h2 126.6 221.4 .230.5 N7.6
S157 166.2 176 156.1 154.7 15 1
-82.8 . 56.5 48.9 4

T t194.8 91. 1.7 1513.6 ~ 7 i 9 112.741112

A -- 209 3

t~ I C 22.4 239 24.9 24.9 26.2

S13.3 11.9 95 7.2 5.33 1.g 3.9 74.1
N 2 149.3 138.9 123.5 105.4 93.1 78.5 653
E #I ba.30

T 1.27 1.213 1.10 .869 .663 .465 .301
t," 103.9 100.8 -96.9 93.9 90.5 8 87.06

"3 &C 667.11 637.1 622.4 633.3 661.7 696 1729

1,23 . 1.083 .868 .659 .469 .313 .199

-'A , 4 .c 496.2 486.7 452 466.2 574 615.5 658.6

"T 21-00 our 25.12 15.3 6.00 1.27 .72 1.997

H-3



ENGINE Type: NR. Race date:
FULL CHARGE NERFOPMANCES Reference:

I'T C FINReeLec

"FUEL : OIL type: BRAKE type:

Volume mass: ., grade:.. Full Load At 200 Test Hours

M I
A. 00 36.5. 2200 2004 150 16.00 140

OIL

• . .377.2 360.5• 330 _294 254 213,3 171.1

S16 205. 223.8 217.8 2145.7 219.6 227.5 155"

PH baH87,03A 8 40.70

" t° I 3. 94 4 9. 1154 1 194.1 112.8 1 11.IF

L .1 94.2' W
#I O, 20.9 21.9 23.2 I23.8 23.5 246 24,257

D ='° aba 13.9 12.5 10.1 7.64 5.7 4.2 3.18

t L" 144.8 136.3 122.7 107.3 90.9 76.5 63.11
T 1.25. 1.21 1.061 .865 .660 .466 .302

t c 103.1 101.2 .97.6 93.8 90.8 88.32 86.8

aba

, " 49.9 48.1 46.7 47.5 50.1 53.4 56.37

A 1.04 . 1.05 .846 .643 .457 .321 186

A P, C 542 533 .530.4 549.9 i 582 621.3 654.5

T 4-01 , 47.2 36.02 ' 8.34 2.91 .5 .55
, ".z..-i- - ..... - - - .........

BLOW -B7

H-4



ENGINE Type: R:. jace date:
FULL CHARGE PERF RF ANC'P M AeriE SINTA 0' "IN"L. Reference.

tN1TI,'L C F•'NaL.

FUELOIL type: BRAKE type:

Volume mass: kq,/do grade:.. Full Load At 300 Hours

• ° 29.9 29.4 .I28.5 24.6 23.5 23.5 23..5t'o .

"i° "996 +.1 996.1 99.1 99.1 99.1 •9. L .121-J
0 r.o, 2600 2400 2203 2000 1801 1601 1400

1383 1 1430.6; 1410.2 1373.6 1327.5 12'44.8 1139.0

6.6 359.36 324.8 287.6 250.2 '208.6 167.0

Sqa =" L11.7' I 21 1 . 6.8{ 4. 41.69.

Crbc .. . .A w.0 225.7 229 0 - 22z.z z 6-9 2 3.4.8 L. 25 .61
99- 200-0 191-2 J876 186.69.

q kg 27.7. 81 .6 7162 63.4 56.8F941

T ' 1 .22 1.19 1".05 3.9 3.67 .47 2.31

. ., 803.7 10.1 97.0 92.5•. 8 9.2 86.9 [85.3 i
t3~ 473 3.466.3 63.5.72.

1.07$ .859 46 .31,19

OIL

4-,-- 5.6 136.7 21 .1685. 1.64 3.29

,z .0375111 49.0 92~.45i80.7 861.0 654.53

A.7 88.78Y /M

"t i 1- 24 .6• 26.7• 25.8 22.7 4.16 1.

BLO - 1Y 1_ . .. .. .

E 02 • •
T 0 1.210.83.47 .31

0C 103.7 97.0 92.5 8 . 5 3

• ° •



ENGINE Type: N0:. Race date:

FULL CHARGE PERFORMAINCES Reference:
I IflT.L C -N 1reL

FUEL: OIL type: BRAKE type:

Volume mass: ,g grade:.• Full Load At 400 Test Hours

MB1- to ~ 2. 64 2. 73 2. 77 2.
ENT 00 i~ ~iU~~ ~qJL~ 9~j 2 jL

Srpm 1405 1600 1799 1996 2202 2303

F iN 1156.7 1248.9 1342.4 1375.0 1411. 1417

S A 169.6 209.2 253.0 287.9 325.2 341.2

P0"b" 9.8 ' 10.6 11.4 11.7 12.0 12.0

CS /bS te Avh 1240:3 237.63 221.4 222.0. 2.

FU EL TI .ý6, 171.4 .2 188.1 188.8- 194.0 197.1

tw '•"I '" 40.7, 98 57.2 63.7 7. 67

OIL

881 bo ,.2n.6

• ". •. , . J . I94., __•, , .• ! i

ti C 24.9 25.1 25.2 25.3 25.3 25.7 7i f
0 .91,a tar 3.35 4.31 5.82 7.91 10.51 11.82i 1

L t2 .C 65.31 78.8 94.7 110.3 125.9 135.0iF

T b,, .317 .474 .672 .865 1.06 1.14 I

- t " C 85.21 88.71 •91.23 94.24 98.21 100.211

* 1 C 729.4 701.4 665.8 639.9 632.2 6370

P p3 •a, .305. .445 .446 .857 .962
A t "6 656.8 626.0 587.7 553.1 i 534.3 534.0

T p-O .' 075 1.96 4.90 22.43 2

" o



ENGINE "____
PERFORMANCES

S Part Load At 1400 RPM

AMBI 1 ~ 53 j_55 25.72] 259 26.0412~
ENT I a u p1 . .2 1,

r '114"0 . 1400 .1 1400 1400 1400

""1 *7 • 140 40

F 8. 0. 694.3 579.0 473.2 27

A1144.3 118-.6 l 10.8 84.9 69.4 '43.54.4 ... 9 2.5

SllqA 25.4 h , 42340 6 37.5 I2

235. 27. 23275.0

""FU E2. j 85. 125. 0 [ 25. 87.5

13 . 1 2.1

.,-,-- ,.... I-- I..m. t -- i n
A , "F87290 3.77 4 9 0. 5 4. 941.7 "32.8.

1907 9.6 1 93.0 93.9.

,. L�8L 9 •=8 [2
00-0 Obar 13.2 I3.0 J 3.0 2. 1..

L tz C'54.4 147.8 45.4 42.8 140.6 1137.7
E -' - 3.46 3 .2 7 .22 .17 11

. -82.1 85. 85-.6 85.9 87.3

=o.p ,.2p- -- -- I-- lr------- !f.I---t[
11629.0 539.3 499.7 447.9 , 401.5 .328.7

E 54 .132 .120 .107 .094.
T 4'0 ba .4 221 1.4 11.02 '.049 1.19
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ENGINE •_ _ _ _ _.

"PERFOR MACES . ...

SPart Load At 1 600 RPMI

_____________~-85% - 70%. 60% 50% 40% 25%

AMBI- F-57 2. 26.4 F~2~ ~Y

-9.2 I-•o998.2 998. 21 9 1o 99. I
it pm 1600 fl0I 7 ~ 1600 1600 160

"F 1 871.9 7444' . 7.o -1 508.5 309.2,

"A 178.1 146.1 124 1047.7 1.8
N pp.* bar .

kI/tsft'q.h F' 1233.6732318 234.2 241 .5 242186

,1153.8 18.

1. •' 125 25 1 1080 9 .6 77 7 52.9

,- -k... .1.. .6i ii

qe• bW'-t Wjj! [ !! ]t 253 [j1

OIL If

---------- 13.4 1 L
K 9 4 92193.0 ~ 93.9 I

SI-8I

i, li I-I-II II 3I I I I I I

[~...J194.21 419.

I o l mbir .0 13.7 3.5 3.5 113.3 i3.2

L 16o. 58.1 54.1 50.4 4 6 .8 , 41.8
T z bar 73 .54 .42 .3 30 .18~

18 . 87.3 87.6 87.9188.1

1631.8 564.9 522.6 478.0 431.2 34.

E 250 .211 .190 .170 .150 .121 1
A ~ 568.8 516.6 408442.8 400.8 323.1

T. ~o a .074 j 4=4 8?ii .4 26

H-8



ENGINE _

PERFORMANCES

Part Load At 1800 RPM

-- j85Y ] 70% ( 60% 5 5% 140%'~.25
"]--. i 7T 127.8 {I28.0) i1 28.3 1 F8.71 28.6 1 28.8

~~i1 ~ ~~ 99~8.2 6 9.J______
L228.2 ___'982 982 9.

A rm11800 1800 1800 180 1800 ~~
F 1141.71 ,92. 79 672.6 53. i 340 i4

215.2 175.8 149.0 126.81 100.71 I1

-ipu-, fop I ___-7 , _7_9 H_6-7 b15.7 t- i'1 2.9

S fts c q A•• 1.225.7 11226.9 159.4. 1 16.3 2 59.2

i I

24 . 7

______=,I1.1 9.81 .69___ 94.33{-2
i I I 4 2.2 277.5

pOA9. 93. 47 544

00~, - -I-9wi

[53 47 4.6 114.3 1 . 3.9
N ti 8 . 72.2' 67.1 61.5 155.6 149.2

E p 2 bar 1I
T- . .81 .69 .56 .43.2

*C 89.6 -89.4 89.2 88.8 8.

*Zpr8 9b* , :1620.8 -853 .0.

- 3 - C -,2. 569.4 560 493.2 1442.9 .370.3

* E 93 ba .382 .3 18 .283 .250 .214 .171

-C~.. 549. 510.4 484.2 449.4 407.6 341.9

mow __ B-YII

H-9



ENGINE
PERFORMANCES

Part Load At 2000 RPM

8 85% [70% 60%T 50% 40%_. 25%.

AMBI- 29.5 29.31

1O~~ ~998.2L8 .2 J_ 99

-,I .I

o 2 2000 2000 2000 2000
F1174.3- 953.3 827.2 679.4 549.2 343.1

Am 199.6 '173.2 142.3i 115.0 171.8
N 8 Ajj9 ±1

kaib'tIq.'kwm F ~. ___.___ I B.ii. tlo. I.t
w 220.8 226.3 232.9 243.9 1250.6

R EL. [160.7 133.7 15 102.6 85.2 '60.7

.9 d",- j1J 1 54. 28.8- L20:5

OIGL 119.1 1-7. 113.0 109.0

w w ii~ 1 ±1[..
'A F90r92 .0 j j j93.2

_ 2 27.4 275

p-. m.9 116.1 5.8 454 5.0 F4.o
t2i" I . f. •85.4 79.2 71.7 64•7 54.9

T 11. 1 .1 .95 .78 .60 .39

fl r 91.7 91.2 90.6 90.0 89.4

H6 00.7 559.1 531.3 4.96.0 452.5 3798

.532 .440~ .397 .345 .291 1 .221'

S. j523.9 492.1 471.9 1444.9 409.7 346.2 I
.,6 .6 5.0 4.3 836 3.1 1

... 1.-.._ L......

BLOW~ BY _ _ ------- _ _ __ _ _
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ENGINE " _"

PERFORKANCES

Part Load At 2200 RPM

______5 7002 93.5 847.54051 % .4 7. J

i- 2
0 20 983.1 847.5 705.1 565.4 347.

t ! IR ,tfl~' 42238 26.51 '192. 12427 536 129.

EL . j•, 166.2 1382 122.1 106.2 89.0 63.5

S61.8 5.4 45.4 39.5 33.1 23.6

*OIL~
w t 11[9.1

A 5' L ~6 ~ 9. 29
9 2 936 . 9.0 939.8.2

#I • I i .. .
125. 26.2 26.4 267 F_ _ 2 -

8.1p 111r7.5 6. 5.6 is5.5 115.1

N 97.6 89.4 81.8 73.4 60.9 54.3
E 1z I , 1.2 1.0 .81 .54 .38

i52.2 526.6 497.7 460.3 393.6

E P3 .594 .516 .453 .379 .287 .237
"A" I i 477.2 457.7 436.1 1407.6 351.1 304.2

T • 9.3 54.4 .71
SLOW. BY I--- ,

SLO -BY J-tfi11 !- -- - 1 ---- I{-- I

.:H-Ii 1i m



ENGINE __,

"PERFORt-,ANCES

Part Load At 2300 RPM

-85% 70% 60%. 50% 40%, 25%

AM B1 -29.5~ 298-3.0 3. 04 3,
EN '° T , 9955 1 995.5 , 9 .• 91995 995.5

2300 1120 30 3020

12 09 993.9i 848.4 709.2 1i5 .6 .35
jkv 291.3 239.4 ' 170.8 138.

* 10.3 1 8.4 _._ •I4.o H13.0 I

s/scqtii 222.61 24. 3. 245.7 258'5 =9-i i]L l [IZI ,~8[L , .... j]

• *B.I ,, F] fT, 167o0 540.7 1416.9[ 1 13.8 1 41

*OIL 12 . 1 .9 15 411.

•" I"•'"{ 64 ..9 4.5 47.5 4.697 2 .

w.......1..... L 4.8

to 92.3.

.ti V~I I ~

I cf A 1 n A t I V~
I U 27.4 28. 2288.6I

i.,.

_' C 1  498.6 95.8 94.4 93.6 .9 191.8 I

10 9.25966 556.7 527.2 4689.1 39
E 794 I 79 .667 .578 .504 43 326

A I 504.5 474.8 453.7 454.4 410.3 354.2

T 9-90 abar 20 11.8 8.4 1[.5 5.3 '32

6 - '------ ---

H-12



ENGINE PERFORMANCES

Part Load At 2400 RPM

"70401 % 5 09 40% 25% ____6%0 2

S M' 31.5 331.7' 31 .8'
EIJ igj_955I 995.51 52.Ži~ ~ L

S- .. ..8 . i - -. _ . _472 .
F 2400 jj2400 2400 2400 [40 40

0 k / *. 
• . -

Sv.L........ -2 6 4 ' 1 . I 8 .

" 
I t4

C) 121 3A 190.3 85.4.37 09.2 458.7

S, ,2.21714.4 17.2 14.49 8.669

""226 232.3I 237.2 247.5 63.4 303.5

--- --",.hw~ F 1 ... . 2. 1 ... 2--6--3-- ...

170.1 14 .3 4 125.7 .7 2 . 1
4 g,. 69.0 57.3 44. 1 3 7.0 26.4

ts I 6, 94 .9

29.2 29.7* 29.8 130.0 305 30.67

1' I1. 1 0.0 9.21183 7.61.7.4
t2 1 .327. 15.6 104. 95.5 85.8 471.1

bar.100.3 I. 9.7 93.9 9.5

606c ou.4 558.5 532.6 503,.1 467.6 .404.4 I
E t-, 89 .726 .644 .557 .472 .362

t4508.4 473.3 I454.7 1. 433.6 407.9 35.

T "~*' 2 27.3 H52 6 5.5

* safte i I.u - -- -

H-.13



ENGINE
. .PERFOrMA,;CES

S.. Part Load At 2600 RPM

j8ý% 70% 160% 5% I40 25%

n r mI L I I - - . . . .- - - I-

-- '- " !It

--•< .o•', i, 99-5.51 995-. 5 995. I f l- 995.5
2600; 2600 12600 2600 2600 20

S1709A 109. 1 687.5 1 =3.. 8.3J4
AM~ ~ 321 .2 261.4.L'25 187.2 150.3j

pip ha10.0 8.2I7. 181~~ 2.9 f
233.51 234.8 24. 253.0 272 8 321.1

FEL. 17racJ 141 0. 68.31 ]
OILF- 1240.[9 11 16.525 F

*4[_

1, -938 93.7 93.-8 93.7
- --------- - -q

iiý 30.71 31 .1 2.4 30.7 3-1.5 1

S: 13.2 11.7 10.7 9.8 9.0 7.5

"f 1 141.8N 124.3 115.8 105.4 95.6 80.6

T tL.2.2 1.9 1.6 1.4 1.2 .81
99.759841996.

_ - -.,- -.--- I-.... .-- i ..- [
i I, 623.2 566.7 537.8 506.6 476.4 .418.8

E1 1.02 .755 .663 .582 .447

t CIt516.7 474.8 453.1 430.6 407.9 362.2
!'" -a.cr .37.3 2 1.4 8.5 57

_ _ oac___~ --- H ! .. . -
! I I q• "-H -1

H -14
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